THEORY AND APPLICATION OF NEAREST NEIGHBOR IMPUTATION IN CENSUS 2000

Robert E. Fay”
U.S. Census Bureau, Washington, DC 20233-9001

Keywords: missing data, variance estimation, replication,
replicate weights.

1. Introduction
1.1 Changing CensusPlans The evolving plans for the

next decennial census in the U.S., Census 2000, have ,
been widely reported in the press and remain a focus of -

political debate. Last year, Thompson and Fay (1998)
reviewed the milestones in the development of the
decennial program at the Joint Statistical Meetings,
particularly with respect to statistical sampling and
estimation, which was to have been one of the
cornerstones of the plans. While the 1970 census
provided a precedent for inclusion of sampling and
estimation in producing the population count (Wright
1999), Census 2000 was to have been the first in the U.S.
designed with the goal of achieving an optimal
combination of counting, assignment, and estimation in
order to obtain population totals.
The 1980 and 1990 censuses primarily employed 2 mail
strategy in which households in most parts of the country
were mailed or delivered census forms. The majority of
houscholds responded by mail, but nonresponding
households were followed up by personal visit to
complete the enumeration. In some cases, interviewers
had to obtain information about nonrespondents from
neighbors or other sources, although precise figures on
such proxy response are unavailable.
Both demographic analysis (Robinson, Ahmed, Das
Gupta, and Woodrow 1993) and coverage studies using
sample surveys have documented a persistent undercount
of some groups, including Blacks. In both 1980 and
1990, the issue of a potential adjustment to the census
counts to compensate for differential undercoverage
became a matter of both debate and litigation. Results
from coverage evaluations could not be produced until
months after the release of the apportionment counts used
to allocate the number of representatives among the
states. No official numbers were adjusted in 1980. In
1990, Secretary of Commerce Mosbacher decided in July,
1991, against the Census Bureau recommendation for
adjustment. The only official figures incorporating an
adjustment for undercount in the 1990 census are
postcensal population estimates at the state and national
level used as controls for some demographic surveys,
such as the Current Population Survey (CPS), the
monthly labor force survey in the'U.S. In particular, the
official postcensal population estimates, published and

used for other purposes including allocation of funds, do

not incorporate an adjustment for census undercount,

unlike current Canadian practice (Germain and Julian

1993, Dick 1995).

As of August 1998, the Census Bureau's plan for
Census 2000, developed over several years, employed
statistical sampling and estimation in two primary ways
(Thompson and Fay 1998):

1) A sample of nonresponding households was to be
selected for Nonresponse Followup (NRFU), and the
results used to form estimates for nonsample
nonresponding households. Sampling for NRFU
offered savings in both time and money.
Nonetheless, this sample was to have been extremely
large, on the order of tens of millions of households,
enabling conventional survey estimates down to very
low levels of geography.

2) A large coverage study, called the Integrated
Coverage Measurement (ICM), would be based on
approximately 750,000 housing units and viewed as
an integral part of the census. Its purpose was to
measure differential undercoverage. The results
would be incorporated into all official results,
including the state population counts delivered to the
President on December 31, 2000, to be used for the
apportionment of the U.S. House of Representatives
among the 50 states. '

In January, 1999, however, the U.S. Supreme Court
upheld lower court rulings that the current census
legislation did not permit the use of either form of
sampling for the apportionment. The court's ruling did
not resolve the constitutionality of such a census’ if
current law were revised to permit it. Plans for Census
2000, however, were changed to conform with the
existing legislation and the court's interpretation of it.

Thus, the effect of the Supreme Court ruling was to
eliminate the first type of sampling, sampling for NRFU,
from Census 2000. In other words, once NRFU sampling
is excluded for purpose of apportionment, it would have
no practical use for any other purpose. Revised plans for
the census now reflect the increased workload and time
requirements to follow up roughly 15,000,000 more
nonresponding housing units. State counts without the
use of sampling and estimation will be produced by
December 31, 2000, for the apportionment.

Although NRFU sampling was entirely eliminated by
the court's decision, the ICM has been redesigned as the

Accuracy and Coverage Evaluation (A.C.E.). Indeed, the



court's ruling did not exclude the use of sampling for uses
other than apportionment, and to some degree suggested
that sampling would be appropriate if feasible. The
A.C.E. sample size has been reduced from 750,000 to
approximately 300,000 housing units, and the time
schedule has been adjusted for the more extensive period
required for NRFU. Current plans are to obtain A.C.E.
estimates by approximately February 15,2001, relatively
carlier than previous studies in 1980 and 1990. The
A.CE. estimates, in the form of estimated percent

undercounts for a set of poststrata, are planned to be ,
incorporated into the detailed official counts down to the .

block-level for release by April 1, 2001. This timing
pennits their potential use in redistricting. (In the U.S,,
states allocated more than one representative in the House
of Representatives are divided into Congressional
Districts on the basis of population. Redistricting is the
process of defining these boundaries. Although court
rulings now tightly limit variation in the population sizes
of congressional districts within a state, states are given
some latitude in other respects in determining their
boundaries.) Under the revised plan, all official data
products from Census 2000, except the apportionment
counts, will incorporate the results of the A.C.E.
1.2 Nearest Neighbor Imputation in the Dress
Rehearsal The paper will focus on the nearest neighbor
imputation as an estimation procedure for NRFU in the
Census 2000 Dress Rehearsal in Sacramento and on an
associated variance estimator. Thus, the paper concerns
methodological aspects of an application obviated by the
Supreme Court's ruling. Nonetheless, this paper, and one
in preparation (Fay and Farber 1999), will focus on
methodological findings from the Dress Rehearsal effort.
The 2000 Dress Rehearsal was conducted in three sites.
Through agreement with Congress, the Census Bureau
implemented its plan for Census 2000, combining
sampling for NRFU with Integrated Coverage
Measurement, only in Sacramento, California. A site in
Columbia, South Carolina, and surrounding counties was
enumerated without the statistical methods, although an
accompanying Post-Enumeration Survey, similar in
design to the ICM, was employed as an evaluation. A
smaller site in Wisconsin did not use sampling for NRFU
but incorporated the ICM corrections.

The selection of a probability sample for NRFU
theoretically permitsthe use of standard survey weighting
procedures.  Instead, a nearest neighbor/hot-deck
imputation method was implemented in the Sacramento
site, in effect treating nonsample nonresponding housing
units as a problem in unit nonresponse. The subject of
section 2 and a principal focus of this paper is the
rationale for this methodological selection. The section
also describes the Sacramento application in more detail.

1.3 Variance Estimation A second purpose of the
paper is to present a suitable variance estimator for the
NRFU imputation. The variance estimator has potential
application to other nearest neighbor imputation
situations.

As often noted, the term hor-deck imputation has been
applied to a variety of similar methodologies. For
purposes of discussion in this paper, it is useful to group
most of these into three broad categories:

1. The sequential hot deck. This original form appears

to have been substantially shaped by available

computer resources and practice at the time of its

development. In its simplest form, a characteristic x

is available for all units but y is subject to possible

nonresponse. Units are classified on the basis of x

into prespecified cells. Typically, an array is loaded

with a cold deck of initial values based on an earlier
survey or some other suitable source. The units are
processed sequentially, often in a sort reflecting
geographic proximity or another measure of
similarity. New units with observed y, termed
donors, are used to replace old values in the hot-deck
array; units with missing y are assigned values from
the hot deck. For example, the empirical study of

Rizvi (1983) considered only this form of hot deck,

whereas the overview by Ford (1983) considered this

form of hot deck as well as nearest neighbor
imputation below.

2. Statistical matching with fixed cells. The ability to
sort moderate or large files and other forms of data
access removed the restriction that the hot deck be
tied to the sequential order of the data file. For

.example, the variance estimator developed by Rao
and Shao (1992) was for a hot deck unconstrained by
the order of the file. Specifically, they consider units
cross-classified into a potentially large number of
cells, and each unit requiring imputation can receive
a value from any of the dopors falling in the
corresponding cell. In Rao and Shao (1992),
observations requiring an imputation are
independently assigned values with probability
proportional to each donor's survey weight. The
asymptotic argument in Rao and Shao (1992)
permitted an increasing number of cells but required
that generally each cell have an increasing number of
eligible donor cases. Fay (1996) contrasted the Rao
and Shao (1992) estimator for this situation with a
multiple imputation (Rubin 1987) approach, finding
a clearer frequentist interpretation for the Rao and
Shao approach than for multiple imputation.

3. Nearest neighbor imputation. This form extends the
logic of statistical matching further, searching for
either a unique best match or small number of



equivalent matches on the basis of x among units
with observed y. The cells in this form of imputation
are not predetermined. For example, College,
Johnson, Paré, and Sande (1978) describe an
application to economic data in which a specific set
of nearest neighbors were identified for each case
requiring imputation. 1.G. Sande (1983) reviewed
the general features of the nearest neighbor
approach, and G.T. Sande (1983) provided additional
comments on its features and computational

feasibility. Lee, Rancourt, and S#rndal (1994) .
presented and studied a variance estimator for y

using nearest neighbor imputation on the basis of a
continuous x and an assumed regression model for y
on x. The extension of multiple imputation to this
form of nearest neighbor imputation is less clear, and
the version of multiple imputation investigated by
Lee, Rancourt, and Sirndal did not perform as
satisfactorily in an empirical study as their own
estimator.

This grouping is useful for categorizing variance
estimators for the hot deck, but the distinctions among the
three groups are not always precise, particularly between
the second and third form. Bankier, Luc, Nadeau, and
Newcombe (1996) characterize the New Imputation
Methodology (NIM) developed at Statistics Canada
(Bankier, Houle, Luc, and Newcombe 1997) as a
minimum change hot deck, and it appears appropriate to
categorize the NIM in the third group. The current
imputation methodology for work history and income
items for the Annual Demographic Supplement ("March
Supplement”) to the Current Population Survey (CPS) in
the U.S. employs a series of sorts to achieve a statistical
match between donors and cases requiring imputation.
(Coder 1978 and David, Little, Samuhel, and Triest 1986
provide 2 more detailed summary of the algorithm.) In
effect, several different cross-classifications of observed
characteristics are considered for each case requiring
imputation. In many cases, a large number of donors
may be available for particular cases requiring
imputation, but in others cases imputations may be made
by selection from a relatively small set of donors. Thus,
the CPS application is best categorized as belonging to
the third group but having ties to the second. Other
versions of the hot deck, such as the use of the nearest
neighbor approach with distance determined in whole or
in part by predicted values from a parametric model, do
not fit neatly into any of the three groups.

Fay developed a variance estimator especially for the
third group, based on different assumptions than used by
Rao and Shao. Unlike the variance estimator proposed
by Lee, Rancourt and Simdal, the method does not
require a parametric model. A key feature of the

method is the use of data from a second nearest
neighbor for purposes of variance estimation. Various
forms of the variance estimator have appeared earlier
(Town and Fay 1995, Steel and Fay 1995, Fay and Town
1996, 1998). Section 3 describes the rationale of the
estimator in more detail.

2 Selection of Nearest Neighbor Imputation in the

Dress Rehearsal

2.1 Methodological Background

2.1.1 Block vs. Unit Sampling The Census Bureau's

planned use of sampling for both NRFU and the

correction of differential census undercoverage through

ICM led to a number of separate research efforts on how

to estimate census results under NRFU sampling. The

design for NRFU sampling was constrained, however, to
be consistent with the plans for the ICM.

The design strategy for the ICM involved sampling
census blocks or block clusters and typically includingall
of the housing units in the sampled blocks in the ICM
sample. (The largest blocks were to be subsampled. The
average size of ICM clusters was projected to be about 30
housing units after subsampling.) Because of the
required matching of ICM sample cases to their initial
census counterparts, the design called for 100% NRFU,
rather than NRFU sampling in ICM blocks. NRFU
sampling in ICM blocks would have induced
complexities arising from attempting to match an ICM
household to a nonsample household in NRFU.

Two primary candidate designs were available for
NRFU sampling of non-ICM blocks:

Block sampling, where a sample of blocks with mail
nonresponse would be selected. All nonresponding
housing units in sampled NRFU blocks would be
followed up.

»  Unit sampling of nonresponding housing units in an
unclustered manner. One form, implemented in one
of two panels in Oakland, CA, in the 1995 Census
Test, assured selection of sample units in all blocks
with nonresponse. (For example, a single
nonresponding unit in a block was always included.)
In Sacramento, a systematic sample of
nonresponding units was selected, resulting in
sampled NRFU units in most but not all blocks with
nonresponse.

The block-based design logically fit better with the ICM

design, since NRFU would then be completed on a block

basis in both ICM and non-ICM blocks. In other words,
if
E(y | unit sampling) » E(y | block sampling)



then statistical adjustment of counts from NRFU using
unit sampling on the basis of an ICM using block
sampling would be problematic. A distinct potential
disadvantage, however, later confirmed by empirical
studies, was that sampling blocks for NRFU could yield
much higher variances.

Initially, research efforts had concentrated on NRFU

estimation under block sampling. Tsay, Isaki, and Fuller
(1996) and Zanutto and Zaslavsky (1996) investigated
block-level models. Estimates at the block level would

then be used as constraints by statistical procedures to .

estimate the nonsampled households and persons within
cach block to be added to the results of direct
enumeration. Schaefer (1995) investigated a different
procedure, which modeled at the houschold and person
level. In Schaefer’s approach, estimates for blocks
emerged by summation. Schaefer's approach also
attempted to integrate estimation for NRFU with
imputation for item nonresponse for data on
characteristics.

In the 1995 Census Tests, a split panel experiment
compared unit and block sampling designs for NRFU
sampling in Oakland, CA. The two panels produced
post-NRFU estimates within sampling error of each
other, but variances were substantially less for unit
sampling (Fay and Town 1996). In other words, the
evidence indicated .

E(y | unit sampling) = E(y | block sampling)
Var(y | unit sampling) « Var(y | block sampling)

In general, cost is an additional factor to consider in
selecting among survey designs. In this respect, block
sampling was thought to have a small advantage in terms
of slightly reduced travel, but the differences were
considered marginal because both designs, with their high
sampling fractions, would be very densely distributed.

The findings became the impetus to move to unit
sampling. A related study based on matching ICM
blocks to similar non-ICM blocks for the 1998 Dress
Rehearsal showed no systematic differences(U.S. Census
Bureau 1999a).

The effect of unit sampling is suggested by the
following example: for a typical block of 30 housing
units, a 70% response rate leaves 9 nonresponding units,
of which an expected 6 would be sampled for NRFU,
leaving an expected 3 to be estimated. Use of sampling
rates defined within each block, or, as in the Dress
Rehearsal, systematic sampling, are available to limit
random variation in the realized sample size within
blocks. Although the previous research had shown that
models can make effective use of block-level variables in

forming estimates under block sampling, unit sampling
reduces these gains by largely eliminating the effect of
between-block variability on the estimate.

2.1.2 Weighting vs. Imputation With the selection of
unit sampling and the accompanying feasibility of using
simpler design-based estimators, a traditional weighting
approach appeared to deserve .consideration. Although
the design-based rationale for weighting is clear, there
were a few significant constraints. For the sake of ease
of use, weights could only be integers. (Indeed, the
Census Buresau has consistently used integer weights
even for the census "long-form" sample data. In Census
2000, sample data will be collected from approximately
1 out of 6 households.) For NRFU, most weights would
thus be either 1 or 2, except in areas where the response
rate exceeded 80%.

For higher levels of geography such as census tracts,
application of integer weights would have provided
estimates of population plausibly consistent with housing
unit totals. Use of weights at the block level, however,
could have produced marked inconsistencies between
population counts directly affected by NRFU sampling
and counts of housing units, which were almost free from
random variation,

Use of nearest neighbor imputation, with nonsampled
nonresponse housing units imputed from nearby sampled
NRFU units, maintained the integer nature of the census
data and linkage between housing units and population.
Farber and Griffin (1998) compared weighting vs. nearest
neighbor imputation, and found almost equal
performance at most geographic levels, but awarded the
advantage to nearest neighbor imputation for its ready
handling of blocks lacking sampled NRFU units.

2.2 BasicImplementation Strategy in the Sacramento
Dress Rehearsal -

As in previous U.S. censuses, part of the overall task of
taking a census is to obtain an inventory of housing units.
Sampling was not to be employed at this stage; rather, the
Master Address File (MAF) of all housing units was the
frame for sampling. (Sampling enters slightly, in that the
result of NRFU is occasionally to determine that a unit in
the MAF must be deleted. For example, the unit might be
a commercial address or demolished. Consequently, the
imputation also classified some nonsample units to delete
status.)

Sampling for NRFU was to be used for two types of
incomplete data. The first of these was housing units not
responding by mail: nonresponding housing units
represent a mixture of households not returning their
forms, vacant units, and units that should have been
deleted from the MAF. Consequently, NRFU was to
determine the occupancy status of sampled
nonresponding units as well as other characteristics. The



sampling rates were set so that statistical estimation
would be used to represent only 10% (or less) of the
housing units in each census tract (2 publication area
generally representing about 3000 housing units). With
mail nonresponse in Sacramento around 50%, overall
about 4-in-5 nonresponding units were sampled for
NRFU -- a very large sample compared to usual statistical
practice.

The second type of incomplete data was entirely distinct
from the first. During the mail delivery of the census

questionnaires, carriers were allowed to return forms to .

the Census Bureau with the designation "Undeliverable
as Addressed-Vacant" (UAA-vacant). From past
experience, the majority of such units are vacant, but not
all of them. (This again proved to be the case in
Sacramento.) A sample of 3-in-10 of the UAA-vacant
units was selected for followup visit by an enumerator,
and units found to be occupied were enumerated. This
sampling rate required that most UAA sample cases be
used in imputation 2 or 3 times.

Each of the two groups was treated as an independent
estimation problem, since the respective universes did not
overlap. The following discussion will be primarily in
terms of NRFU, although paralie] operations were carried
out for UAA. Farber, Fay, and Schindler (1998) describe
the sampling and estimation in more detail, but a
summary will be included here.

Based on the overall approach of section 2.1, the basic
strategy was to identify a neighboring sample NRFU case
as the basis for imputation for each nonsample
nonresponse housing unit. In terms of the previous
notation, characteristics x, including sort order in the
MAF (which is related to location), census block, and
basic address (generally enabling identification of units
in the same building), are available for both sample and
nonsample nonresponse units. Wherever possible, the
matching algorithm sclected donors from the same
address for nonsample units at multi-unit addresses.
Otherwise, the nearest neighbor of 2 nonsample case was
defined on the basis of the distance when the file was
sorted by block and MAF order within block. Thus, the
algorithm favored using units in the same block, taking
into consideration the closeness indicated by the MAF
(U.S. Census Burean 1999b). The overall design was
that donor units would provide characteristics, y,
including whether the unit should be deleted, occupancy
status, and for occupied units, number and demographic
characteristics of the residents, owner/renter status, erc.

In order not to depart from a design-based rationale too
substantially, the number of times each eligible sample
case was used was constrained to be consistent with the
weight it would have had under a weighting approach. At
the tract level, this weight would have been

Ynrry

NRFU sample units + NRFU nonsample units
NRFU sample units

omitting ICM blocks. A UAA weight, Wy Was defined
similarly. For example, for a UAA sample case in a tract
with w_ = 3.33, then the sample case was constrained
to be used as a donor either 2 or 3 times (in addition to
representing itself). Consequently, when the weights in
8 tract were an integer, then the nearest neighbor
imputation was constrained to use each donor the same
number of times and thus to reproduce at the census tract
level the results of a weighting approach.

As a remark, had the Supreme Court ruled differently,
and had sampling for NRFU remained part of Census
2000 plans, further empirical investigation of this
approach would have been warranted. The procedure
implemented for Dress Rehearsal insured a fairly high
level of agreement between the imputation and weighting
at aggregate levels, while effectively leaving the nearest
neighbor approach some latitude in allocating whatever
fractional weight was available. Because of high
sampling rates for NRFU, in most tracts the weight did
not reach 2, so the effect of the constraint was to allow
the measure of distance to select donors but to constrain
each donor to a single use at maximum. Alternative
approaches, such as randomly determining which donors
to use to distribute any fractional weight, would have
provided even further protection against bias, possibly at
the expense, however, of somewhat increased variance.
Further empirical research on such points would have
been warranted if NRFU sampling had remained in
Census 2000 plans.

2.3 Modifications for Late Mail Returns

The conceptual model just described is based on a
simple dichotomy between sample and nonsample
nonresponse units.  In practice, a cutoff date
approximately 2 weeks after the due date was set during
Dress Rehearsal, and the sample of nonresponding units
was identified at that time. Some returns continued to be
received thereafter. When a late mail return was received
from a unit sampled for NRFU, a computer algorithm
selected between the late return and the followup form
that may have been obtained by personal visit on the
basis of completeness, with a preference for the mail
return. Late returns were incorporated into the census for
nonsampled units, eliminating the need for any
imputation for them. The decision to accept late returns
was made on the basis of policy, to avoid rejection of



data from the public within the time span that the
information could actually be processed and tabulated.
Superficially, late mail returns appear simply to reduce
the size of the remaining followup somewhat. In fact,
however, late mail returns cannot be regarded simply as
a random sample from the outstanding units. Late mail
returns, like mail returns in general, were almost
exclusively from occupied housing units. Ignoring late
returns, the nonsample nonrespondents are a probability
sample of all nonrespondents as of the cutoff date, but

when those retumming late returns are removed, the .

remaining units should be somewhat skewed towards a
population of vacants and deletes. Since the occupancy
status belonged among the sample characteristics, y,
rather than among the characteristics, x, available for
matching, the use of nearest neighbor imputation would
not correctly represent this aspect of response. In other
words, although selecting a probability sample for NRFU
would have led to nonresponse (where nonresponse in the

general theory is equated to not a member of the NRFU.

sample in this instance) wnconfounded with y, the
subsequent exclusion of late mail returns from the
nonsample cases leaves a set of nonsample cases with
nonresponse confounded with y, particularly through
occupancy status.

Lee, Rancourt, and Sarndal (1994) investigated the
performance of their proposed form of nearest neighbor
imputation under both unconfounded and confounded
response situations, but proposed no modification to the
procedure in instances in which response is confounded.

A modification to the imputation to compensate for
confounded response was implemented for the Dress
Rehearsal. The approach was to reduce proportionately
the number of available donors in accord with the number
of late mail returns received for nonsample units. For
each tract, a ratio of sampled to nonsampled units was
computed; specifically(Farber, Fay, and Schindler 1998),

Tvrry =

NRFU sampled addresses in non-ICM blocks
NRFU nonsampled addresses in non-ICM blocks

Separately for the three categories, ¢, of sampled 1)
occupied, 2) vacant, and 3) deleted units, a number of
units,

Rm, = Fypey * LR,
LR
= [
wm,-l

were removed from the hot deck from ¢, where LR, is the
number of nonsampled late returns in ¢. Within ¢,
sampled cases with late mail returns were targeted first
for removal, followed by the remaining sample cases.

For rygey < 1, that is, w,_ - > 2, some sample units

would be used more than once for imputation, and further
research could have investigated an alternative that
reduced the allowed imputations by 1 over a larger group
of donors instead of completely eliminating some from
any use. Again, circumstances no longer justify further
pursuit of this option at this point.
2.4 NRFU/UAA Variances for Sacramento Although
the official Dress Rehearsal result for Sacramento
incorporated the ICM component, the Census Bureau has
also released a population total without the ICM
component of 377,741 for Sacramento. Using the
methodology reported in the next section, the estimated
standard error for this estimate was 321 people, or a c.v.
of less than .09%. This standard error pertains to the
effect of NRFU and UAA estimation. By contrast, when
the ICM correction is also included, the official
population total is 403,312 with estimated standard error
4,810 orac.v. of 1.2%. .

For a block of approximately 30 housing units and 75
people, a simple scaling of the site-level results suggests
a standard error of approximately 4.5 people, ora c.v. of
roughly 6%, from the NRFU/UAA ¢tomponent of
estimation.

According to the ICM, the census count, 377,741,

without the ICM for Sacramento is subject to an
estimated 6.3% undercount (s.e. 1.1%).
2.5 Concluding Remarks on the Application
Available evidence suggests that the implementation of
nearest neighbor imputation essentially achieved its
primaryobjective, namely, to produce statistical estimates
comparable to conventional enumeration while agreeing
closely in aggregate with traditional survey estimation
results. Further empirical details will be provided by Fay
and Farber (1999).

Changes in legislation could open the possibility of
sampling for NRFU in 2010; if so, the 2000 Dress
Rehearsal experience will represent a potential starting
point for research efforts.

The application also illustrates consideration of the
effect of confounded response in applying nearest



neighbor imputation. Although the procedure presented
here could be further refined, the modification of the hot
deck to compensate for the effects of confounded
response may be a potential approach useful in other
applications.

3 A Variance Estimator for Nearest Neighbor
Imputation

3.1 Basic Rationale As noted in the first section, forms
of the variance estimator had been reported in several

previous collaborations. Although basic assumptions .

were stated, the previous accounts were considerably
truncated. The discussion here is intended to provide an
expanded account of the estimator. Section 3.1 will deal
with a special case, which leads to a simplified, almost
obvious, form. Section 3.2 provides the full estimator
used in the Dress Rehearsal.

As noted in Section 1.3, the Rao-Shao variance
estimator was developed relying on a random selection
from a set of possible donors in the imputation cell.
Forms of nearest neighbor imputation emphasizing use of
an optimal nearest neighbor depart from conditions
required for the Rao-Shao variance estimator.

For each case / requiring i.mputation, let y, be the true
butunobservedvalueand y,” = y_ n the imputed value
from the nearest neighbor, nnl (), o% L. The scope of the
variance estimatorincludes both applications in which the
nearest peighbor, nni(i), is defined on the basis of
distance only or is subject to constraints on the number of
times each donor may be used, as in the Dress Rehearsal
The variance estimator employs the value from a second
nearest (responding) neighbor, nn2(i). In general, a
second nearest neighbor, nn2(i), for i may be defined by
omitting the first nearest neighbor, nnl/(i), and applying
the nearest neighbor definition/algorithm. (In the Dress
Rehearsal application, the constraint on the number of
uses of the donor was not employed in defining the
second nearest neighbor, nor is it theoretically necessary
to do s0.)

The variance estimator is developed under a population
model, £, for a population of y conditional on x (Fay and
Town 1998). The variance estimator relies on model §
assumptions:

EO) = EUmuy) = E¢0 gy’ ¢}

Var:(y,lx,) =1/2 Et(ynnl(l) -y'lﬂz(f))z (2)

Covi (v, y,lx,2,) =0, i =¥ 3)

To the extent that x_ ~ and x, . . are close to but not
necessarily equal to x,, assumption (1) represents an
ideal that practical applications will generally only
approximate.  Assumption (3) follows from an
assumption of independence of the y's given the x.
Assumption (2) follows from (1) and (3) 1f nonresponse
is unconfounded with y given x.

Let Y denote the sum of the y's in the given finite
population, which is a realization under §. Suppose Y*
denotes the sum with the imputed values for y. If each
nearest neighbor is used in imputation at most once, then,

Y'Y = - 2
Ec(Y Y ) ’§.E((y' y,"”(,))

@

= - 2
,§. Ei(yluﬂ(l) ynnl(!))

where A, denotes the set of cases requiring imputation.
The variance estimator is derived by replacing the
expectation over the model in (4) with the observed
values,

VarE' (r") =

IGZA: (y,,,.z(/) - ymll(l))z (5)

Under these simple conditions, the interpretation of (5) is
straightforward. The variance under the model in
estimating the unobserved y, by y =y ., " is
approximated by the squared differences of ﬁmg and
second nearest neighbors.

Expression of a replication method through replicate
weights facilitates subsequent analysis. For the sake of
generality let, ¥”, be expressed as a weighted sum,

2wy ©

Suppose a replication-based estimator of variance can be
written in the following form,

Var* (Y") E b (Y -Y), (D)
r=1

where the b, r=I,.., n are an appropriate set of
coefficients independent of the choice of characteristic ¥,
and for replicate estimates,



Y: = ; wlryl‘ ’ (8)

is defined for replicate r, on the basis of & set of replicate
weights, w,_, where n replicate weights are assigned to
cach i.

Estimator (5) can be approximated through a replicate
weighting of the form (6) - (8). The Dress Rehearsal

implementation used » = 100 and 4, = 1, r=J,... ,100. .

For each i€ A , a second record based on the second
nearest neighbor, with x = x,, and y* = y,,,,) , can be
incorporated into the data set with wj, = 0. When the
number of imputed cases is less than », each imputed
case, i, may be assigned to a unique 7. Setting

w, = 1 fory record, rler,0sr' s n
= 0 for nmn2 record, r'vr, 0 < ¥/ < n

%)
0 fory, record,

= 1 for nn2 record,

exactly implements (5).

For more than 100 imputations, the cases can be serially

assigned to r=1,... ,100, losing some available precision
but nonetheless producing a reasonable variance
estimator with effective degrees of freedom approaching
100.
3.2 Donor Reuse The approach of 3.1 must be modified
to account for use of donors more than once, which was
to be required for NRFU sampling in tracts with mail
response rates over 80% and for UAA sampling in
general. If imputed cases / and i’ share the same nearest
neighbor, thatis, #nl (i) = nnl(i’), then the expected value
of the cross product is

E{ ((ynnl(l) - yl)(yMJ(lﬁ = y,'))

(10)
= V& e O sy | % ensce)

using (3). In other words, reuse of a donor contributes
additional covariance affecting the variance of the
estimated sum, }¥*. Estimator (5) does notincorporate the
effect of this covariance.

In addition to the first 100 replicates as described, the
full variance estimator incorporated two more sets of 100
replicates each that, when used jointly in (8) and (7),
represented the effect of (10). To understand the general

case, it is helpful to consider first a special case. For each
donor, &, let nnl “!(k) denote the set of imputed cases
with donor & Donor £ is associated with a replicate rin
1-100, and (9) is implemented for this assignment of » for
cach imputed case in nnJ ~'(k).

Special Case: Suppose that, for each donor, &, whenever
nnl ~'(k) comprises ¢,> 1 elements, each imputed case
in nnl ~'(k) has a different assigned second nearest
neighbor. For this special case,

\ EWC X 0,50

1€ nmnl V@)

2
= E(-l) E{(yl - ynnl(l))

+2¢,(c, -V, 0 lx)

= E( X Oy V)

tennl C0(x)

since for
E{(O’ml(o - yl)(ylnl(l') - )”,I))

12
= Vary(y,lx,) 2

Thus, replicates 1-100 provide a consistent variance
estimate.

When two imputed cases share both the first and second
nearest neighbors, (12) no longer holds; in fact,

Ee(Qunttr = Pz Omastr = Y unzen))

(13)
=2 Var (y,lx,) -

To address the resulting variance estimate in the general
case, replicates 101-200 and 201-300 are included in the
calculation. For any order pair of donors, & k' let
nnp ~(k, k')be the set of imputations, i, with anl (i) =k,
andnn2(i) =k’ andlet ¢ & ;be the number of imputations
associated with the pair. For ¢ v b assign the pair to
a replicate 101 < r < 200. As in (9), for
101 s ' < 200



f\

w_, = 1 fory, record, r'er
= 0 for nn2 record, r'er
(14
w,_ = 0 fory, record,

= 1 for nn2 record,

These replicates are used with 4, =-1/2 in (7). These
replicates correct effect of overestimation of the variance
from the cross-product terms in (13). Unfortunately, they
also subtract too much from the diagonal. To

compensate, a third series of replicates

201 < r s 300with b, =1/2 is constructed similarly for
imputed cases with ¢, ,, > 1. Each imputed observation
is assigned to a distinct replicate, r, for which (14) is
again applied.

The presence of negative terms in the variance estimate
risks negative variance estimates to a generally small
degree, and it appears to increase the variance of the
variance estimate compared to some alternatives. When
the conditions of the Rao and Shao variance approach are
met, earlier simulation of the variance estimator showed
higher variance than the Rao-Shao variance formula.

The less obvious advantage to this approach is that it is
directed to estimating the variance of subdomains as well
as the domain total. The issue of variance estimation for
subdomains was previously raised (Fay 1996) with
respect to multiple imputation.

Previously cited work on this approach covers additional
types of applications, including to sample surveys with
negligible sampling fractions and those where the finite
population correction was important. Extensions to other
replication methods besides the jackknife remains an
open question.

* This paper reports the results of research and analysis
undertaken by Census Bureau staff. It has undergone a
more limited review than official Census Bureau
? publications. Research results and conclusions expressed
are those of the author and do not necessarily indicate
concurrence by the Census Bureau. It is released to
inform interested parties of current research and to
encourage discussion.
The author would like to thank Aref Dajani and Cary
Isaki for helpful comments and Mary Ann Cochran for
editorial assistance.
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ERRONEOUSLY ENUMERATED PEOPLE IN THE CENSUS 2000 DRESS REHEARSAL

Roxanne Feldpausch and Danny R. Childers!
Roxanne Feldpausch, Bureau of the Census, Washington, DC 20233

Key words: Integrated Coverage Measurement, Dual
System Estimation

I Introduction

The Census 2000 Dress Rehearsal was conducted
in three sites: Sacramento, California; Menominee
county, Wisconsin (mainly Menominee Indian
Reservation); and Columbia and its surrounding areas in
South Carolina. In Sacramento and Menominee, the
census was conducted in two parts. First, the initial
phase enumerated the people. Then the Integrated
Coverage Measurement (ICM) estimated the people
missed in the initial phase. The combination was the
census count. In South Carolina a traditional census
was conducted. After the census, there was a Post-
Enumeration Survey to estimate the coverage of the
census. In this paper both the initial phase and the
traditional census are referred to as a census and both of
the coverage surveys are referred to as the ICM.

The ICM estimated, among other things, how many
people enumerated in the census were enumerated in
error. The number of erroneous enumerations is one of
the inputs into the dual system estimator, which is a
factor used to determine the final census count
(Schindler, 1999). In this paper, we look at various
factors which may be related to a person's probability
of being erroneously enumerated.

To determine the number of erroneous
enumerations in the census, the E-sample people (the
people captured in the census) were matched to the
people captured in the ICM. After the computer and
clerical matching phase, the E-sample people were
classified as matched, not matched, or possibly
matched. = Those who matched were considered
correctly enumerated. The nonmatched E-sample
people were followed up to determine if they were
correctly or erroneously enumerated in the block cluster
according to census residence rules. If the follow-up
interview could not determine the person to be correctly
or erroneously enumerated, the enumeration status for
the E-sample person was unresolved. Those people

with unresolved enumeration status had their erroneous
enumeration probabilities imputed.

Section II discusses the methods used to analyze
the data.  Section III examines the -erroncous
enumeration rates of various subgroups. Sections IV
examines various types of erroneous enumerations.
Section V summarizes the findings.

IL Methodology

For analysis purposes we broke the South Carolina
site up into three distinct areas: the city of Columbia,
referred to as Columbia; the remaining counties which
were mail-out/mail-back, referred to as Other SC; and
the counties that were update/leave, referred to as Rural
SC. For mail-out/mail-back areas, the mailing list was
obtained from the US Postal Service, 1990 Census,
local, tribal, and other potential supplementary address
sources. A census questionnaire was mailed to the
addresses and if occupied, the residents were to mail
back a completed form. For update/leave areas the
enumeration procedures were different. The address list
was obtained by Census Bureau employees who created
a listing of addresses before the census. The
enumerators updated the census address list and left a
questionnaire for the household to complete and mail
back to the Census Bureau.

In these five different areas, we examined the
erroneous enumeration rates of people in various
subsets of the population. We estimated the erroneous
enumeration rate by the number of erroneous
enumerations divided by the total number of people in
the E sample. For the erroneous enumeration rates, we
calculated the standard errors using the simple
Jackknife method. The simple Jackknife should yield
standard errors similar to those produced with the
stratified Jackknife which was used in the Dress
Rehearsal. These standard errors were computed using
the statistical package VPLX. The internet site
www.census.gov/sdms/www/vwelcome.html has more
information on VPLX.

Once we computed standard errors, we used a two-

1 Roxanne Feldpausch and Danny Childers are mathematical statisticians in the Decennial Statistical Studies
Division of the US Census Bureau. This paper reports the results of research and analysis undertaken by Census
Bureau staff. It has undergone a more limited review than official Census Bureau publications. It is released to
inform interested parties of research and to encourage discussion.



tailed t-test to determine which differences were
significant. When there were multiple comparisons, we
used the Bonferroni adjustment to determine which
comparisons were significant (Games, 1971). All tests
were conducted at a 0.10 significance level. The tests
were conducted under the assumption that the
observations were independent of each other. The
analyses were conducted on the final data, after
weighting and imputation. All numbers in this paper
are weighted and the probability of erroneous
enumerations for people with unresolved enumeration
status are included in the percent of erroneous
enumerations.

L. Percentage Erroneous Enumeration

For the 1998 Dress Rehearsal, the rate of erroneous
enumerations varied across the areas from 7.7 percent in
Columbia to 16.5 percent in Other SC. In the 1990
Census, the erroneous enumeration rate for the nation
was 4.6 percent (Griffin and Moriarity, 1992). Table 1
shows the percentage of erroneous enumerations out of
the total number E sample people for each site. It also
gives the number of erroneous enumerations in each
site. To compare the percent of erroneous enumerations
among the different areas, we used the Bonferroni
adjustment. The adjusted alpha is 0.010 and the
criterion t-value is 2.560. Other SC had a significantly
higher erroneous enumeration rate than Sacramento
(t=3.063), Columbia (t=4.202) and Menominee
(t=2.762). The remaining areas did not differ in their
erroneous enumeration rates.

Table 1: Percentage (Standard Error) and Number of
Erroneous Enumerations by Site

Site Percent EE Number of EE
Sacramento 10.5 (0.71) 38,878
Columbia 7.7 (1.02) 6,438
Rural SC 10.3 (1.84) 14,858
Other SC 16.5 (1.82) 58,837
Menominee 9.8 (1.62) 321

One group of characteristics that we examined was
the poststrata variables for the dual system estimator.
These variables are: tenure, sex, age and race. Tenure
has been shown to be related to erroneous enumeration
rates. In the 1990 Census, renters were more likely to
be enumerated in error than owners (Griffin and
Moriarity, 1992). In Sacramento (t=4.818), Rural SC
(t=1.691), and Other SC (t=2.386) this held true. For
these three areas, owners had significantly lower
erroneous enumeration rates than renters. In Columbia
(t=0.384) and Menominee (1=1.240) there were no
differences between the erroneous enumeration rates of

renter and owners. See Table 2 for the percentage of
erroneous enumerations by renter and owner.

Table 2: Percentage of Erroneous Enumerations

{Standard Error) by Tenur
" . Site %'c.Owner < Renter® '
Sacramento., .. 7.8 (0.56) 13.6 (1.20)
Columbia . 7.2 (0.63) 8.1(2.21)
Rural SC .7 % 9.2 (1.50) 15.8 (4.74)
- Other SC- ..~ 13.2 (1.24) 24.6 (4.82)
Menominee % .- 11.5(1.88) 6.6 (3.11)

There were no significant difference in erroneous
enumeration rates between males and females (see
Table 3) across all of the Dress Rehearsal areas. This
differs from 1990 results for the nation as a whole in
which males had a higher erroneous enumeration rate
than females (Moriarity, 1993).

Table 3: Percentage of Erroneous Enumerations

(Standard Error) by Sex
“Site 47 - |dar “Male ‘Female &5
Sacramento ;- { 10.8 (0.71) 10.3 (0.74)
. Columbia .35 & 7.7 (1.07) 7.8 (1.03)
Rural SC-7 LY 10.7 (1.76) 9.9(1.98)
<Other SC+77) 1. 16.0(1.61) 17.0 (2.06)
“Menominee .. 9.8 (1.78) 9.7 (1.75)

Age, on the other hand, was related to the
erroneous enumeration rate. In the Dress Rehearsal as
in the 1990 Census, there were four age
poststratification categories: 0-17, 18-29, 30-49, and 50
and over (see Table 4). The Bonferroni adjustment for
the four groups (six comparisons) produced an adjusted
alpha of 0.017 and the criterion t-value of 2.378.

Across the areas, the 18-29 age group tended to
have higher rates of erroneous enumeration than other
age groups. In Sacramento, those 18-29 had a higher
erroneous enumeration rate than the 30-49 year olds
(t=2.895) and those 50 and over (t=5.466). People, in
Sacramento, 50 and over had a lower erroneous
enumeration rate than 0-17 year olds (t=3.899) and 30-
49 year olds (t=4.895). In Columbia, 18-29 year olds
also had a higher erroneous enumeration rate than both
the 30-49 year olds (2.671) and those 50 and over
(t=2.627). In Rural SC, 18-29 year olds had a higher
rate of erroneous enumeration than the 0-17 year olds
(t=2.590) and the 30-49 year olds (1=2.474). In Other
SC, the 18-29 year olds had a higher erroneous
enumeration rate than the 39-49 age group (t=2.867). In
Menominee we found a different pattern. Those 50 and
older had a higher erronecous enumeration rate than 18-
29 year olds (t=2.438). Across the Dress Rehearsal



areas, we found no other age categories to be
significantly different.

Table 4: Percentage of Erroneous Enumerations

categories: non-Hispanic white and black. All other
race groups were collapsed with blacks for estimation
purposes. In Columbia (t=1.333), Rural SC (t=1.010)
and Other SC (t=0.708) there were no significant
differences between the erroneous enumeration rates of
non-Hispanic whites and blacks. See Table 6 for the
percentage of erroneous enumerations in each of the
three South Carolina areas,

Table 6: Percentage of Erroneous Enumerations
(Standard Error) in South Carolina by Race

(Standard Error) by Age

.- Site - 0-17 | 1829 | 3049 | 50+
Sacramento 11.3 12.8 10.7 8.0
Lod -] (1L06) | (1.00) | (0.64) | (0.63)
Columbxa 7.0 9.6 7.6 7.0
Lo (2.31) | (0.90) | (1.03) | (0.58)
Rural sc i 9.6 13.8 9.2 10.4
- | (2.08) | (2.55) | (1.64) | (2.24)
Other‘SC 1 182 19.7 147 15.1
RN (3.08) | (2.46) | (1.44) | (1.54)
Menominee. 8.9 74 8.0 134
N i ] (243) | (3.16) | (1.84) | (1.75)

zSntqd:; L Non-H:spamc Black
: ‘; . :‘F‘,.r,—' 1575 Whl
Columbia ™ - 6.7 (0.62) 8.8 (1 80)
Rural SC - % 8.9 (1.42) 13.0 (4.12)
Other SC =333 15.4 (1.53) 17.9 (3.41)

We used different race categories in the various
sites reflecting their differing racial makeups. People
who marked more than one racial category were
assigned to the largest nonwhite category that they
marked based on 1990 Census numbers. People who
did not mark any racial category were assigned to the
non-Hispanic white category. Race/origin groups with
less than one percent of the site’s 1990 population total
were collapsed into the largest nonwhite race according
to 1990 data. See Schindler (1999) for a more complete
explanation of the racial categories.

Table 5: Percentage of Erroneous Enumerations
(Standard Error) in Sacramento by Race

Non-..:|" Non-".5{  Non-" Hispanic
Hispanic | Hispanic | Hispanic
White Black "~ Asian
9.0 15.0 104 10.6
(0.55) (1.32) (1.60) (0.91)

In Sacramento there were four race categories: non-
Hispanic white, non-Hispanic black, non-Hispanic
Asian, and Hispanic. All other races were collapsed
with Hispanics for estimation purposes. The Bonferroni
adjustment for the four groups (six comparisons)
produced an adjusted alpha of 0.017 and the criterion t-
value of 2.378. The erroneous enumeration rates for the
various racial categories in Sacramento ranged from 9.0
percent for non-Hispanic whites to 15.0 percent for non-
Hispanic blacks as shown in Table 5. Non-Hispanic
blacks had significantly higher erroneous enumeration
rate than non-Hispanic whites (t=4.868), non-Hispanic
Asians (t=3.450), and Hispanics (4.052). The other
racial categories did not differ from each other in their
€ITOneous enumeration rates.

In the South Carolina site there were two racial

In Menominee there were two racial categories:
non-Hispanic white and American Indian. All other
race groups were collapsed with American Indians for
estimation purposes. As seen in Table 7, American
Indians had a 7.4 percent erroneous enumeration rate,
while nearly 20 percent of the non-Hispanic white
people were erroneously enumerated. The American
Indians had a significantly lower erroneous enumeration
rate than non-Hispanic whites (t=6.346).

Table 7: Percentage of Erroneous Enumerations
(Standard Error) in Menominee by Race

.~ Non-Hispani¢ Whité "¢} ¥ - American Indian " .-

19.8 (1.33) 7.4 (1.47)

When analyzing the erroneous enumeration rates,
we considered factors other than the poststrata variables
used in the dual system estimator. We also looked at
variables related to form such as form length and return
type. There were two different form lengths in the
Dress Rehearsal: short and long. Approximately 17%
of the housing units received a long form which asked
for more detailed information about the housing unit
and the people living there. The percentage of
erroneous enumerations by form type are shown below
in Table 8. There was no significant difference in the
erroneous enumerations rate of those people who filled
out short forms and those who filled out long forms.
This is consistent with the 1990 Census results (Griffin
and Moriarity, 1992).

Table 8: Percentage of Erroneous Enumerations

(Standard Error) by Form Length
-Site +}-- Short | ° Long
Sacramento - . 10.4 (0.71) 11.0 (1.05)
Columbia 7.6 (1.05) 8.7 (1.19)




Rural SC 9.8 (1.43) 12.5 (4.43)
Other SC 16.4 (1.89) 17.3 (1.92)
Menominee 9.4 (1.64) 12.9 (4.92)

During the Dress Rehearsal, households received a
questionnaire which they were supposed to complete
and mail back. Those households who did not return
their questionnaire were visited by an enumerator who
collected the information. For those returns filled out by
an enumerator, the information about the household
could have come from a household member or it could
have been obtained through a proxy interview. For
some interviews, the enumerator failed to indicate
whether or not the respondent was a proxy. There were
four groups, so the adjusted alpha is 0.017 and the
criterion t is 2.370. We analyzed Menominee
separately due to the small sample size.

We found that mail returns had lower erroneous
enumeration rates than both proxy and non-proxy
enumerator filled returns. We found that non-proxy
enumerator filled returns had lower erroneous
enumeration rates than proxy enumerator filled returns.
We also found that enumerator filled returns where the
proxy information was missing had higher erroneous
enumeration rates than mail returns and non-proxy
enumerator returns. See Table 9 for the percentage of
erroneous enurmnerations for these variables,

In Sacramento (t=10.411), Columbia (t=3.622),
Rural SC (t=3.353) and Other SC (1=2.406) the mail
returns had significantly lower erroneous enumeration
rates than non-proxy enumerator filled returns.

In Sacramento (t=11.841), Columbia (t=6.281),
Rural SC (t=3.315) and Other SC (t=4.657) the mail
returns had significantly lower erroneous enumeration
rates than proxy enumerator filled returns.

In Sacramento (1=8.979), Columbia (t=5.760),
Rural SC (1=2.678) and Other SC (t=3.408) non-proxy
enumerator filled returns had significantly lower
erroneous enumeration rates than proxy enumerator
filled returns.

In Sacramento (t=4.801), Columbia (t=3.303) and
Other SC (t=2.882) mail returns had significantly lower
erroneous enumeration rates than those enumerator
returns where the proxy information was missing. In
Rural SC (t=1.570) there was no difference.

In Sacramento (t=2.470), Columbia (t=2.760) and
Other SC (t=2.419) non-proxy enumerator filled returns
had lower erroneous enumeration rates than those
enumerator filled returns where the proxy information
was missing. In Rural SC (t=0.977) there was no
difference.

In Sacramento (t=3.700) those enumerator filled
returns where the proxy information was missing had a
lower erroneous enumeration rate than proxy

enumerator filled returns.

For Menominee, we only considered mail returns
verses enumerator filled returns. Mail returns had 8.8
(1.74) percent erronecous enumerations while
enumerator filled returns had 10.3 (3.53) percent
erroneous enumerations. There was no difference
(t=0.231) between the erroneous enumeration rates of
mail returns and those of enumerator filled returns.

Table 9: Percentage of Erroneous Enumerations
(Standard Error) by Return Type

Site | Mail™['" Enumerator- .4
S0 n T 5] S Nov | Proxy . | Missing ™
: e Proxy- |'oouivd | 23

Sacramento 6.5 141 | 385 223
P T 065) | 096) | @1 | (3.32)
Columbia ... 6.0 90| 284 22.1
-, ] 08s)| (138) | (3.68) | (4.92)
Rural SC - 7.0 13.1| 334 235
s b as3y ) 256) | 8.10) | (10.58)
Other SC -..| 14.1 19.8| 342 424
ol (s | (3.4) | 4.49) | (10.11)

Next, we looked at the number of people in a
household to see if that was related to the erroneous
enumeration rate of a person in the household. We
compared three groups of households: 1 person, 2-5
people and 6 or more people (see Table 11).

Table 11: Percentage of Erroneous Enumerations
(Standard Error) by Number of People in the Household

Site - 1 person | 2-5 people | 6+ people
Sacramento 124 . 10.1 10.9
- (0.88) (0.73) (1.43)
Columbia 92 7.5 7.0
. (0.67) (1.21) (1.61)

Rural SC 13.9 10.0 8.4
(2.48) (1.76) (6.68)

Other SC . 18.9 16.3 14.4
- : (2.24) (1.80) (4.74)
Menominee 11.5 10.0 8.2
- (3.89) (1.60) (4.16)

The Bonferroni adjustment for three comparisons
produced an adjusted alpha of 0.035 and a criterion t of
2.114. In Sacramento (t=2.952) we found that people in
single person households had a significantly higher
erroneous enumeration rate than those people in two to
five people households.  There were no other
differences. This is different from 1990 where it was
found that erroneous enumeration rates increased as
household size increased (Griffin and Moriarity, 1992).

For those people who did not answer all of the



questions on their Census form, the missing values were
imputed (see Table 12). It appears that complete data
had less error. In Sacramento (1=13.960), Columbia
(5.093), Rural SC (1=3.072), and Other SC (3.800)
those people with at least one item imputed had
significantly higher erroneous enumeration rates that
those people with no imputed items. In Menominee
(t=0.208) there was no difference.

Table 12: Percentage of Erroneous Enumerations

(Standard Error) by

~ Site No Imputatgons?‘ +ena Some
S i B R A e Imgutahons
Sacramento 6.0(0.57) 16.1 (0.98)
Columbia 5.5 (0.85) 11.1 (1.62)
Rural SC 7.3 (1.55) 13.6 (2.56)
Qther SC 13.3(1.45) 21.7(2.87)
Menominee 10.1 (1.67) 9.4 (2.89)

L IV. Types of Erroneous Enumeration

There are many reasons why a person could be an
erroneous enumeration:  geocoding errors, fictitious
people, duplicate records, other counting errors,
insufficient information for matching and unresolved
cases.

Geocoding errors occurred when the census placed
a housing unit in the wrong block. All of the people in
that housing unit were then considered geocoding
€erTors. A fictitious person was another type of
erroneous enumeration. A census person could be
found to be fictitious if follow-up (after the ICM)
determined that the person did not refer to a real person
in that block. Duplicates occurred when a person had
two or more census records. These additional records
were duplicates. Other counting errors occurred when a
person was counted in error in a block cluster in the
census. The ICM then determined that according to
census residency rules the person should have been
counted elsewhere. For example, a college student
counted in the wrong place or a family with two homes
is an other counting error.

People with insufficient information for matching
were treated as erroneous enumerations, To have
sufficient information for matching, a person had to
have had a name and at least one other characteristic
provided.  People without these two pieces of
information were considered to have insufficient
information for matching.

An unresolved case occurred when there was not
enough information to determine if the person was
correctly or erroneously enumerated. A case could have
been unresolved because not enough information was
collected during the ICM to determine whether or not

the person was correctly enumerated during the census.
Another example of an unresolved case is a person who
was a match, but had an unresolved residency status.
Finally, a person who was a possible match, but did not
have enough information to positively determine their
match status was unresolved. The unresolved cases had
their erroneous enumeration probability imputed using a
proportion of erfoneous enumerations from those
people resolved during follow-up. For more
information on these categories see Childers (1998).

In Sacramento, geocoding errors and insufficient
information for matching were the major causes of
erroncous enumeration accounting for about 64 percent
of the erroneous enumerations as seen in Table 13.

Table 13: Percentage of Different Types of Erroneous
Enumerations (Standard Error) in Sacramento

;7 % Type 6f Error - - _Percéntagei®t .~
Geocoding error = ¢, - - 28.2 (5.08)
Fictitious T 10.3 (1.50)
Duplicates ~ . L 10.3 (1.20)
.Other.Counting Error . 9.5 (1.03)
Insufficient Information : 35.4 (2.73)
Unresolved ; .- ™~ 6.3 (0.66)

In the various South Carolina areas the make-up of
the erronecous enumerations varied. In Columbia (see
Table 14), insufficient information for matching
accounted for approximately 32 percent of the
erroncous enumerations. Geocoding errors accounted
for about 26 percent of the erroneous enumerations.

Table 14: Percentage of Different Types of Erroneous
Enumerations (Standard Error) in Columbia

‘Type of Error -_Percentage -
Geocoding Error 26.2 (7.03)
Fictitious 8.1 (1.52)
Duplicates 14.0 (3.36)
Other Counting Error 13.4 (2.01)
Insufficient Information 31.6 (3.61)
Unresolved 6.7 (1.32)

In Rural SC, geocoding errors accounted for about
40 percent of the erroneous enumerations. Duplicates
accounted for about 23 percent and other counting
errors accounted for about 16 percent of erroneous
enumerations. See Table 15 for the different types of
erroneous enumerations for Rural SC.

Table 15: Percentage of Different Types of Erroneous
Enumerations (Standard Error) in Rural SC

Type of Error- “Percentage
Geocoding Error 40.1 (11.97)
Fictitious L 9.3 (4.08)




Duplicates .. 229 (6.04)
Other Counting Error - . 15.7 (4.25)
Insufficient Information 10.2 (27D
Unresolved -~ © . : - 4 1.9 (0.61)

In Other SC, geocoding errors accounted for about
64% of the erroneous enumerations (see Table 16).
Other SC was update/leave. The different method of
enumeration may be the reason for the relatively high
percentage of geocoding errors. People with
insufficient information for matching accounted for
about 12 percent of the erroneous enumerations in
Other SC.

‘ Table 16: Percentage of Different Types of Erroneous
Enumerations (Standard Error) in Other SC

. Type of Brror ~ © " Percentage
"‘Geocoding Error.. -3l 63.5 (6.24)
Fictitions™ =22 7 =% 5.7 (2.42)
~Duplicates ", o0 2 7.9 (1.67)
Other Counting Error ™ ..~ 8.0 (1.46)
: Insufficient Information ™ 11.6 (1.75)
Unresolved:*:- . . - 3.4(1.45)

In Menominee, over half (50.8 percent) the
erroneous enumerations were due to duplicate records
for the same person (see Table 17). Other counting
errors contributed to about 32 percent of the erroneous
cnumerations.

Table 17: Percentage of Different Types of Erroneous
Enumerations (Standard Error) in Menominee

Type of Error Percentage
Geocoding Error 1.3 (1.38)
Fictitious 1.3 (1.00)
Duplicates 50.8 (8.82)
Other Counting Error 31.5 (10.40)
Insufficient Information 13.5 (6.32)
Unresolved 1.6 (0.85)
Iv. Conclusions

The percentage of erroneous enumerations varied
across the sites ranging from 7.7 percent in Columbia to
16.5 percent in Other SC. We determined erroneous
enumeration rates for various subgroups of the
population. We looked at the poststrata categories,
form characteristics and other variables.

In general, we found that renters had higher
erroneous enumeration rates than owner and 18-29 year
olds had higher erroneous enumeration rates than other
age groups. We found no differences in the erroneous
enumeration rates between the sexes.

Form length was not related to erroneous
enumeration rates. However, return type was related to
erroneous enumeration rates. Mail returns had lower
erroneous enumeration rates than enumerator filled
returns.  For enumerator filled returns, non-proxy
responses had lower erroneous enumeration rates than
proxy responses. We also found that those people with
some variables imputed had higher erroneous
enumeration rates than those people with no variables
imputed. Proxy responses and imputed values are an
indicator of poor data quality. Although these results
are only representative of the Dress Rehearsal sites,
they do show that the quality of the data is related to the
erroneous enumeration rate. It is difficult to draw
conclusions about the 2000 Census from these data
because the census methods are not the same as in the
Dress Rehearsal.
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MODELING CENSUS AND INTEGRATED COVERAGE MEASUREMENT PHASE MISSES IN THE
CENSUS 2000 DRESS REHEARSAL
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L. Introduction

The Census 2000 Dress Rehearsal was conducted at three
sites: Sacramento, California, Menominee, Wisconsin,
and Columbia South Carolina and its surrounding
counties. In this paper Columbia City is treated as a site
separate from its surrounding couantics, and Menominee
is not included due to its small size. The methodology
differed in the Columbia sites from the Sacramento site.
In the Columbid’ sites a traditional census and a
subsequent Post Enumeration Survey (PES) were
performed. In Sacramento the Integrated Coverage
Measurement (ICM) was performed which consisted of
two phases: an initial phase akin to a traditional census
and a secondary survey akin to a2 PES. For the purposes
of this analysis the methodologies are treated the same.
The primary survey shall be referred to as the census and
the secondary survey shall be referred to as the ICM. The
census enumerated the entire sites. After the census was
completed, the ICM performed an independent
reenumeration conducted only in selected block clusters
within the sites. In Sacramento a single estimate was
produced based on the census and the ICM. In South
Carolina an estimate based on the census and an estimate
based on the PES was produced.

For the ICM sample the block clusters were the primary
sampling units. They were drawn from twelve sampling
strata. Those selected block clusters with 80 or more
housing units were subsampled. The selected block
clusters after subsampling comprised the ICM sample.

The census enumerations within the ICM sample block
clusters define the E-sample. The people enumerated in
the ICM in the sample block clusters define the P-sample.
A matching operation linked E-sample people with P-
sample people. A linked pair is called a2 match. An E-
sample enumeration that was not linked to 2 P-sample

person was an E-sample non-match. A follow-up
interview determined whether the person existed in the
ICM sample. People found to exist are called confirmed
non-matches. People found not to exist in the sample are
called erroneous enumerations. Erroneous enumerations
will be ignored in this analysis. Confirmed E-sample
non-matches represent P-sample misses or failures to
capture.

A P-sample person that does not match to an E-sample
enumeration is called 2 P-sample non-match. A follow-
up interview determined whether the person existed in the
ICM sample. Confirmed P-sample non-matches
represent E-sample misses or failures to capture.

The purpose of this paper is to use logistic regression
models to relate these P-sample misses and E-sample
misses to demographic characteristics and housing unit
characteristics. The limitation of univariate descriptive
statistics is that they do not address the question of the
relationship of one variable in the context of other
variables. A regression type model avoids this limitation.
Since the response is binary, that is, a person is either
captured or missed, logistic regression is an obvious
method.

This study is observational rather than experimental. The
characteristics used as regressors in the model are not
controlled by the researcher but rather are random
variables. Consequently the modeling is not predictive
but descriptive and the hypothesis tests used to determine
which variables to include in the model are not strictly
correct. They are to be understood as guidelines in model
building.

The paper is organized as follows. First, the variables are
laid out and described. Then I build two models. To
model the P-sample misses, I model the E-sample people
who were matched to ICM people against those who
were confirmed non-matches. The erroneous

'Michael Beaghen is 2 mathematical statistician in the Decennial Statistical Studies Division of the US
Census Bureau. This paper reports the results of research and analysis undertaken by Census Bureau staff. It has
undergone a more limited review than official Census Bureau publications. The research results and conclusion are
expressed are those of the author and do not necessarily indicate concurrence by the Census Bureau. [t is released
to inform interested parties of current research and to encourage discussion.



enumerations were discarded from the analysis. To
model the E-sample misses, I model the P-sample people
who were matched against those who were confirmed
non-matches.

II. The Variables

In both analyses the response variable has two outcomes:
a person is a match or a person is a non-match that is
confirmed to exist.

The values of the regressor variables in both data sets
were formatted such that they would have the same
categories, allowing the models to be comparable. All of
the regressor variables are dichotomized. Categorical
variables indicating group membership (in italics) are
represented as dichotomous indicator variables, with one
category serving 'as a baseline to which all the other
categories are compared. For example, for the variable
race, white serves as the baseline. Age, the only
continuous variable, was formatted as a categorical
variable. The breakdown of the categorical variables into
classes is as follows.

Race: black (black or African-American), Asian
(Asian or Pacific Islander), mixed (mixed
ancestry, American Indian or other); white is the
reference group.

child (age <= 17), young (18 <=age <= 29),
middle (30<=age<=49); older (50 <=age) is the
reference group.

Age:

Tenure: renter (all nonowners); owner is the reference
group.

Columbia, RuralSC; Sacramento is the reference
group.

Site:

Relationship to Respondent:

family (person was an immediate family
member of respondent), relative (person was an
non-immediate family member of the
respondent), other (a non-relative, or relative
beyond immediate family or cousins,
grandparents, or aunts or uncles); the respondent
serves as the reference group.

Multi-unit:
multi-unir (person lived in a multi-unit); the
reference group is formed by those living in
single units, which includes trailers.

III. Methods

Tused SUDAAN’s (Shah, Barnwell & Bieler, 1997) Proc
Logistic to estimate the models. SUDAAN is designed
to handle data from complex surveys such as the ICM.

I also used SAS (1989) software’s Proc Logistic to
estimate the models. SAS has more modeling capabilities
than SUDAAN. To account for the complex survey
design two measures were taken. First, the observations
were weighted by the inverse of the sampling weight.
This made the estimates reflect the population of the sites,
not the sample. Second, the Wald test statistic was
divided by a design effect since SAS estimates variances
as if the sample were a simple random sample. This
method gives the correct maximum likelihood estimates
but the Wald test statistics are approximate at best.

The SUDAAN modeling is viewed as more correct and
generated the estimates seen in the tables.

The backward, forward and stepwise methods of model
selection yielded similar models, though the backward
selection models were superior for both models. The
cutoff for removing a variable was a p-value greater than
0.03. This choice was somewhat arbitrary. Itallowed me
not to include some variables that had only very weak
effects.

IV. Interpretation - Modeling the P-Sample Misses

In logistic regression, the binary response is thought of as
successes versus failures. In this model define a success
as a person in the E-sample but not on the P-sample, i.e.,
a P-sample miss. Define a failure as a match. Rather
than examining the parameter weights themselves it is
easier to interpret the odds ratios associated with an
increase of one unit for each parameter. These odds
ratios are directly related to the parameter weights. Since
each of the variables has a value of zero or one,
depending on group membership as described in Section
2., the interpretation of the odds ratios are
straightforward. The odds ratio will refer to the ratio of
the odds of a response with a value of one with the odds
of a response with a value of zero. For example, see the
variable renter in Table 1. renter has an odds ratio of
1.48. Since a value of one indicates a person lives in a
rented unit and a value of zero indicates a person lives in
an owned unit, the odds ratio shows that a renter has a

' 48% greater odds of being missed by the P-sample than

an owner, all other variables being held constant.

If the variable of interest is an indicator variable in a



series of indicator variables that denote membership to a
group the odds ratio refers to the comparison with the
baseline group (Hosmer, Lemeshow 1989). As an
illustration, consider race. As shown in Section 2., the
four race categories, white, black, Asian, and mixed, are
indicated by three indicator variables, black, Asian, and
mixed. Only black and mixed are in the model. The odds
ratio of 1.31 associated with those of mixed ancestry
implies that a person of mixed ancestry has a 31% greater
odds of being found in the E-sample and missed in the P-
sample than those a person of white ancestry.

Another factor to consider in assessing the relative
importance of a variable is how often it has a value of
one. For example, although black has an odds ratio a
good bit higher than male, there are only 2 fraction as
many people who are black as male.

To summarize the results of the model, race, tenure,

Table 1. Odds Ratios

multi-unit, age, relationship to respondent, sex and
blocksize all are associated with capture in the P-sample.
Renters are more likely to be issed than are non-renters.
Non-immediate relatives and non-relatives are more
likely to be missed than the respondent or the
respondent’s immediate family (i.e., the variable
indicating immediate family was not significant). People
of black or mixed ancestry are more likely to be missed
than those of white or Asian ancestry. People wholivein
multi-units are more likely to be missed than people who
live in single units. Children and young adults are more
likely to be missed than middle aged or older people.
Males were slightly more likely to be missed than
females.

Alsoilluminating are the several categorical variables that
are non-significant. They are Hispanic origin and all
second level interaction terms.

Reference Mode! Variable P-Sample Misses | E-Sample Misses
Variable Odds Ratios Odds Ratios
Owner Renter 1.48 1.32
Non-Hispanic Hispanic ns ns
Female Male 1.09 1.05
Child 1.58 1.21
Older Young 1.24 1.33 ’
Middle Age ns ns
Relative 1.87 1.36
Respondent Family ns ns
Other 1.56 1.68
Black 1.31 1.54
White Asian ns 1.43
Mixed 1.31 1.36
Single-Unit Multi-Unit 1.59 1.73
Sacramento RuralSC ns 1.56
Columbia ns 0.65
Large Block 1.3% ns

Non-Large



V. Modeling the E-Sample Misses

A P-sample confirmed non-match represents a person
missed by the census, that is an E-sample miss. In this
second model define a success as an E-sample miss and
define a failure as a match. I will compare this model,
which models census misses, to the model of the previous
section which modeled the P-sample misses. It is
reasonable to ask if the people missed in the ICM and the
Census are similar in their characteristics because both
eluded similar surveys. Upon examination of the odds
ratios this seems to be true to an extent, though there
were some important differences in the models.

Firstly, a person in the Columbia city site was less Likely
to be missed by the census than a person in the
Sacramento site, though a person in the rural South
Carolina site had“the greatest chance of all of being
missed by the census. In comparison, the P-sample site
was not related to the miss rate.

Secondly, P-sample people were more likely to be missed
in large blocks, though this was not true for E-sample
people..

Except for the three situations just described, the
characteristics describing E-sample misses are similar to
those describing P-sample misses. Age, relationship to
respondent, race, tenure and multi-unit are similar in the
nature of their association with misses. Likewise, in both
surveys sex and Hispanic origin played littie or no role.
See Table 1. which shows the odds ratios for each
variable.

VI. Conclusion

Logistic regression is a useful method to examine what
variables are associated with P-sample and E-sample
misses. Not surprisingly, many of the same variables

“associated with P-sample misses are associated with E-

sample misses. They are age, race, tenure, multi-unit and
relationship to the respondent. The role site played
differed in the ICM and census. Hispanic origin played
no role and sex played a small but similar role in either
ceasus or ICM capture. Second order interactions were
not statistically significant. This suggests that had I
modeled separately for Sacramento and South Carolina
that I would have similar re‘su.lts.

This work could have implications for the
poststratification. Poststrata are defined such that the
probability of capture is as homogeneous as possible
within each poststratum, for both P-sample capture and

E-sample capture (Wolter 1986). In the 1998 ICM
poststratification was done by tenure, age, sex, race and
Hispanic origin. The results here suggest different
poststrata. Sex and Hispanic origin were of little use in
discriminating capture probabilities, relationship to
respondent and multi-unit status did better in
discriminating capture probabilities.

Also, the comparison between using SUDAAN and SAS
is of interest. The parameter estimates were the same for
practical purposes. However, the Wald statistics and the
p-values differed. In the SAS models the variables Male
and Asian were not statistically significant. The design
effect used for SAS was constant for all variables, though
the SUDAAN output clearly shows that the design effects

vary for the variables. .
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Privacy and Confidentiality Attitudes from the Census 2000 Dress Rehearsal

A paper presented at the American Statistical Association Annual Conference, August 8,
1999

Sara K. Buckley

Introduction

The cover of a recent edition of the Economist magazine proclaimed “The End of
Privacy”. In a series of articles, they highlighted the concerns and threats to privacy that
the computer and internet revolution has help spur. These concerns about privacy and
confidentiality may have a direct impact on the willingness of respondents to reply to
surveys, and may have an impact on the propensity of respondents to return Census
forms.

After the decline in response rates after the 1990 census, several people investigated the
effects of privacy and confidentiality concerns on census participation. (Fay, Bates, and
Moore 1991, Singer 1993). In prepa:atmn for Census 2000, the Census Bureau conducted
a 1998 Dress Rehearsal Census in three sites, to test all of the operations planned for
Census 2000. The dress rehearsal was conducted in Sacramento, CA, Columbia, SC and
its surrounding counties, and the Menomonee, WI Indian Reservation.

As part of the Census 2000 Dress Rehearsal, the Census Bureau contracted with Westat, a
survey research firm, to conduct a survey which would enable the Census Bureau to
evaluate various aspects of public reaction to the Census. In the survey, there was a
battery of questions that sought to investigate knowledge and attitudes about the Census,
including those regarding privacy and confidentiality. These questions were similar to
those that were asked in previous surveys conducted after the 1980 and 1990 Censuses,
such as the Knowledge, Attitudes, and Practices Survey (KAP) and the Outreach
Evaluation Survey (OES).

In this paper, privacy and confidentiality concerns are investigated as an explanatory
factor in the actual mailback behavior in the 1998 Dress Rehearsal Census. Demographic
predictors of privacy and confidentiality concerns are investigated and controlled for in

the analysis.
Methodology

To address the evaluation research questions, Westat conducted a Random Digit Dial
(RDD) telephone survey. The survey began approximately one week after the second
(replacement) census form was mailed out. The surveys were conducted in the
Sacramento and South Carolina test sites. The Menomonee site was not included as part
of this survey because of its small population.

The Dress Rehearsal survey utilized a RDD sampling procedure with a goal of
conducting 1,500 interviews in each of the two sites. Interviews were conducted between




May 1 and June 1 in South Carolina and between April 24 and June 7 in Sacramento.
Census day was April 18,1998 for the dress rehearsal. Interviews were conducted with
the household member who usually handles the mail for the household. Both samples
were post-stratified and weighted up to the test site population. In Sacramento, the
response rate to the post-wave survey was 54%; in South Carolina it was 64%

. This yielded 1,504 cases from Sacramento and 1,506 from South Carolina.

The Dress Rehearsal survey questionnaire consisted of several sections: media use,
degree of civic participation, awareness of government agencies and programs, free recall
of exposure to information about the census, aided recall about source of information,
knowledge and attitudes about the census, aided recall of specific advertising, and census
form receipt, handling, mailback behavior, and demographic information.

In this analysis, privacy and confidentiality are treated as two separate concerns.
Confidentiality addresses respondents concerns that data given to one agency is kept
separate from another agency. Whereas privacy refers to wanting to keep information
about oneself out of anyone’s hands altogether. (Singer 1993)

Our outcome variable of interest—Census form mailback behavior—was measured two
ways: from a self-reported survey question and from Dress Rehearsal Census Bureau
records. The latter measure was made available by matching addresses obtained during
the post-wave survey interview to the Census Bureau master list of addresses (the Master
Address File). Because mail return questions are subject to social desirability effects, we
wanted to use actual return records in order to have a more accurate model of behavior
than self- reports. '

Data/Design Limitations

As the survey was not designed specifically for privacy research purposes, this
questionnaire did not have the number of privacy and confidentiality concern questions
that previous research included. Therefore, the indexes developed were not as thorough
as possible and were not able to examine all privacy and confidentiality concems to the
extent desired.

Because the survey was RDD, the findings reported from these data can only be
generalized to telephone households in each site. It is estimated that 96.3% of
households in the Sacramento test site have telephones and 90.5% have telephones in the
South Carolina site (Evaluation Ela; 1998). This limitation is decreased somewhat by
weighting the survey data to reflect the population, in each of the two sites, on income,
race, and Hispanic origin.

The response rates were somewhat below industry standards for RDD surveys, especially
in Sacramento. As a result of these response rates, the amount of non-sampling error in
our data is potentially large. This leaves us to wonder if our respondents differed
significantly from nonrespondents in terms of mailback behavior, attitudes towards the
Census, and privacy and confidentiality concermns.
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A final limitation to our data was the unanticipated loss of cases due to sampling outside
the Dress Rehearsal geographic boundaries. This is critical because households that were
interviewed for the Dress Rehearsal survey but located outside of the test sites were not
mailed a census form. These out-of-scope cases were identified during the process of
address geocoding and were especially prevalent in the Sacramento site.

Results

As noted earlier, the survey asked a battery of questions about census knowledge and
attitudes similar to those in 1980 and 1990. For the sake of parsimony, exploratory factor
analysis was done to determine the variables that would represent privacy and
confidentiality concerns. Orthogonal factor analysis yielded four factors—of which, one
dealt with privacy and another dealt with confidentiality. Appendix A shows the
components of these indexes. This finding concurred with prior research that suggested
that privacy and confidentiality were different concerns. (Singer, 1993).

Based on the factor analysis, separate indexes were made for privacy and confidentiality
concerns—one for each dress rehearsal site. The items making the privacy index had an
average factor loading score of 0.73 in South Carolina (range 0.71 to 0.75) and 0.63 in
Sacramento (range 0.61 to 0.65). The items making the confidentiality index had an
average factor loading score of 0.43 in South Carolina (range 0.43 to 0.44) and 0.52 in
Sacramento (range 0.45 to 0.57). Cronbach’s Alpha was computed for each index as a
measure of index quality. For the privacy index, alpha was 0.76 in Sacramento and 0.78
in South Carolina. Similarly, the alpha for the confidentiality index was 0.70 in
Sacramento and 0.71 in South Carolina. These alphas would indicate reliable indexes.

Table 1 shows the distributions for the indices. Note that a low score indicates little or no
concern, while a high score indicates a moderate or high concern.

Table 1: Distributions of Privacy and Confidentiality Indexes in Sacramento
Index

Privacy

Confidentiality

Scores
Index (%)
Index (%)

0 (low)
57.6
57.0

1
17.3
23.7



12.0
19.2

3
13.2

Total
100.0
100.0

Table 2: Distributions of Privacy and Confidentiality Indexes in South Carolina
Index )

Privacy

Confidentiality

Scores
Index (%)
Index (%)

0 (low)
424
67.3

1
20.3
20.0

2
14.9
12.7

3
224

Total
100.0 .
1000 = .

At this point, we investigated the possibility that there was a bivariate relationship
between mailback behavior and privacy and confidentiality concerns. Table 3 shows

> -



-

crosstabs between the Indexes described above, and the actual Census mailback behavior
as matched to census records. This illustrates that there is not a relationship between
privacy concerns and mailback behavior in the Sacramento area (X2=1.6, d.f.=3,
p=0.663). However, there is evidence of a relationship between confidentiality concerns
and mailback behavior in Sacramento (X2=5.5, d.f.=2, p=0.064). Yet, we see the
opposite in South Carolina, where there is evidence of a relationship between privacy
concerns and mailback behavior, and no significant relationship between confidentiality
and mailback behavior.

Table 3: Relationship between mailback behavior and privacy and confidentiality
concerns in Sacramento.

Index

Privacy

Confidentiality

Scores
Index (% return)
Index (% return)

0 (low)
64.96
67.53

1
65.70
64.32

2
67.54
56.47

3
59.52

X2
1.585 ‘
5.503 Co

d.f.
3
2

P
0.663
0.064



Table 4: Relationship between mailback behavior and privacy and confidentiality
concerns in South Carolina

Index

Privacy

Confidentiality

Scores
Index (% retumn)
Index (% return)

0 (low)
70.73
70.09

1 -
70.69
71.76

2
63.15
60.60

3
62.56

X2
6.597
3.942

d.f.
3
2

p .
0.086 L
0.139

At this point, we performed linear regression models to investigate demographic
characteristics that contribute to privacy and confidentiality concerns. Here, we used
prior research (Singer, 1993) as a guide to which factors might be relevant. Based on
previous research, we investigated the effects of race/ ethnicity, education, gender,
presence of children at home, and whether or not respondents were born in the US. The



rationale was that foreign-born respondents might be more concerned about immigration
laws, and thus have more concerns. Language spoken at home was not included in the
models because of its strong correlation with being foreign-born. The presence of both
variables in the model introduced more problems than the value it added.

Table 5: Linear Regression Coefficients of Demographic Characteristics for Privacy and
Confidentiality Indexes in Sacramento

Privacy

Standard

Variable
Coefficient
Error

Age
0.044 *
0.023

Education
~0.16]1 ***
0.033

Gender (Female)
-0.017
0.075

Foreign Born
0.124
0.121

Race

Black
0.366 ***



0.105

Hispanic
0.202 *
0.111

Asian
0.526 ***
0.126

Other
-0.060
0.173

Children at home
0.091
0.012 -

Household Iﬂcome
-0.054 ***
0.081

Adj. R2
=0.1496

*p<0.10, **p<0.05, ***p<0.01
=772

Confidentiality

Standard

Variable
Coefficient
Error

Age
0.004
0.017

Education
0.030



0.026

Gender (Female)
-0.011
0.058

Foreign Born
-0.094
0.092

Race

Black
0.185 **
0.082 -

Hispanic
-0.049
0.086

Asian
-0.037
0.095

Other
0.469 ***
0.131

Children at home
0.013
0.062

Household Income
0.007
0.009

Adj. R2
=0.0232

*p<0.10, **p<0.05, ***p<0.01
N=772

In Sacramento, it appears that those respondents with higher levels of education or



household income, all else being equal, tend to have fewer privacy concerns. Conversely
it appears that older respondents have more privacy concerns. Blacks, Hispanics, and
Asians/Pacific Islanders tend to have higher levels of privacy concerns relative to whites,
the omitted category. Looking at the confidentiality issues, it appears that only Blacks
and Other Races have more confidentiality concerns than whites.

Next, the same demographic characteristics are investigated for the South Carolina site.

Table 6: Linear Regression Coefficients of Demographic Characteristics for Privacy and
Confidentiality Indexes in South Carolina

Privacy

Standard

Variable
Coefficient
Error

Age
0.071 ***
0.027

Education
-0.101 **x*
0.030

Gender (Female)
-0.034
0.077

Foreign Born
0.307 \
0.246 -

Race

Nonwhite
0.390 ***
0.077



Children at home
-0.060
0.077

Living in City
-0.210 ***
0.012

Household Income
-0.052 ***
0.078

Adj. R2
=0.1256

*p<0.10, **p<0.05, ***p<0.01
N=910

Confidentiality

Standard

Variable
Coefficient
Error

Age
0.040 **
0.017

Education
0.021
0.019

Gender (Female) |
-0.036
0.049

Foreign Born
0.170




0.157

Race

Nonwhite
0.024
0.049

Children at home
0.013
0.049

Living in City
0.098 **
0.048 -

Household Income
0.018%**
0.008

Adj. R2
=0.0190

*p<0.10, **p<0.05, ***p<0.01
=910

As in Sacramento, the South Carolina sample seems to have some of the same concerns
with privacy. Once again, it appears that those respondents with higher levels of
education or household income, all else being equal, tend to face fewer privacy concerns.
Older respondents face more privacy concerns. Races other than White, also tend to have
higher levels of privacy concerns relative to whites, the omitted category. Because the
South Carolina site comprised urban and rural areas, we were able to separate out
respondents living within the city of Columbia, to investigate if that had any effect on
privacy and confidentiality concerns. Here, we see that those respondents living in the
city have fewer privacy concems.

However, what is interesting about the South Carolina regressions, is that when looking
at the confidentiality predictors, we see that those living in the city have a higher
confidentiality concern. It would appear that city dwellers do not mind if people have
information about them, but are concerned about what is done with it. Also, we note that
older respondents have more confidentiality concerns, as do respondents with higher
incomes.




Mailback Behavior

Although the bivariate relationship between mailback behavior, privacy, and
confidentiality issues was looked at earlier, it is important to look at the effect privacy
and confidentiality attitudes have on mailback behavior, while controlling for other
demographic variables, such as those in the previous section. In this context. we look at
logistic regression models, using both the PROC LOGISTIC and PROC GENMOD
functions in SAS. Although only the best models are reported, many models, both with
and without interaction terms, were investigated.

Sacramento

Table 7: Census Form Mailback Behavior and Demographic Variables for Sacramento
Test Site

Parameter
Standard

Estimate
Error

Civic Participation *
0.209
0.108

Privacy
-0.155
0.109

Confidentiality **
-0.236
0.118

Race:

Black *
-0.453
0.262



API
-0.437
0.347

Hispanic *
-0.569
0.324

Other
-0.129
0.393

Expecting Form **
0.466
0.181

Age ***
0.673
0.125

Hispanic*Privacy *
0.383
0.220

API*Privacy **
0.555
0.240

*p<0.10, **p<0.05, ***p<0.01
N=780

As seen in table 7, there are several factors that impact the odds of returning a census
form in the mail. Civic participation, expecting a census form in the mail, and age

all contribute positively to the probability that a respondent will return the census form.
However, as previous research showed, race has an impact on the odds of returning a
form. All else being equal, Blacks are 37% less likely to return their forms relative to
whites, and Hispanics are 44% less likely to return their forms relative to whites. While
privacy concerns, on their own, do not have a significant effect, we do see that
confidentiality concerns do. For each increase in confidentiality concemn on the index,
respondents are 21% less likely to return their forms.

There is an interesting interaction in Sacramento with Hispanics and privacy and API
groups and privacy. It appears that Hispanics with privacy concerns are 25% more likely
to mailback their forms, and API's with privacy concerns are 49% more likely to return
their forms. While this seems like a strange result initially, perhaps these groups respond
because of the nature of the data collection agency.




South Carolina

Now, we look at the same analysis for the South Carolina test site. Table 8 shows the
output. Once again, only the best model is reported here.

Table 8: Census Form Mailback Behavior and Demographic Variables for the South
Carolina test site.

Parameter
Standard

Estimate
Error

Civic Participation ***
0.305
0.108

Privacy
0.013
0.077

Confidentiality *
-0.217
0.125

Race:

Nonwhite ***
-0.613
0.181

Expecting Form ***
0.577
0.176

Age k%K%
0.345
0.127

Education **
0.327




0.150

Income **
-0.248
0.125

*p<0.10, **p<0.05, ***p<0.01
N=851

In South Carolina civic participation, age, education and expecting a form are all
positively related to returning a census form. Here, income has a negative relationship
with returning a form, which is a rather counter intuitive result. It is possible that once
other factors, such as race, age etc., are controlled for, individuals with higher income
levels are less likely to return their Census forms. While privacy, both on it’s own and
interacting with other variables, is not significant, confidentiality is significant.
Individuals with confidentiality concerns are roughly 20% (odds ratio=0.805) less likely
than those without privacy concerns to mail back their Census forms. As well, race plays
an important factor in mailing back the form. Here, Races other than White were 44%
(odds ratio=0.542) less likely to mail back their census form than whites, the control

group.
Conclusions

This research was done to determine what, if any, impact privacy and confidentiality
concerns had on the mailback rates for the 1998 Census Dress Rehearsal. It is important
to note that there were limitations to the analysis due to the limited measures available for
the privacy and confidentiality measures. These findings may have been much different
had there been more information available for the indexes.

Although the privacy index does not have a significant effect on mail back rates, the
confidentiality index does. Respondents with stronger confidentiality concerns were less
likely to mail back their form. This is true for both dress rehearsal sites.

The demographic predictors of privacy and confidentiality were not very good. Although
we were able to account for roughly 15% of the variance in privacy concerns in
Sacramento, and 13% in South Carolina, privacy did not seem to be a significant
predictor in mailback behavior. Further, we were only able to account for 3% of the
variance concerns for confidentiality in Sacramento, and only 2% in South Carolina.
Clearly, demographic variables were not good predictors of confidentiality concerns.
Although some individual variables, particularly the race and age of the respondent, are
good predictors of the indexes, the lack of explained variance suggests that there are
other important predictors besides demographic characteristics that are critical in
explaining privacy and confidentiality concems.

If the predictions of the Economist are true, and confidentiality and privacy concemns
become more salient to the- American public, the effect on mailback rates could be




significant. Responding to the public’s privacy and confidentiality concerns could be an
integral strategy in order to keep census mail return rates from dropping. Clearly, more
research needs to be conducted about the links between privacy and confidentiality
concerns and census mail return.
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Appendix A: Survey Questions—Construction of Indexes

Privacy Index

Is the Census Used To:

Q19_A “Check up on whether people are paying their income taxes”

Q19_C “Locate people living in the country illegally”

Q19_E “Police and FBI use the census to keep track of people who break the law”

Confidentiality Index

Q17_A “The Census Bureau’s promise of confidentiality can be trusted”

Q17_D “The Census Bureau would never let another government agency see my answers
to the Census”




Appendix B: Definition of Independent Variables

Age: Measured as a categorical variable 18-34, 35-54, 55+ for logistic regression. More
categories were used in multiple regression: 18-24, 25-34, 35-44, 45-54, 55-64, 65+.

Education: Categorical variable with following categories: Less than high school, High
School and some college, College degree and higher.

Gender: Dichotomous variable: assigned 1 if female, O if male.

Foreign Born: Assigned 1 if answered yes to Q40: Were you bom in the United States, 0
otherwise. .

Children at Home: Assigned 1 if answered yes to Q36: Do you have children in school
who are under 18 living at home with you?

Household Income: For Logistic regression categorical variable: Less than 25,000,
between 25,000 and 50,000 and greater than 50,000. For multiple regression analysis,
continuous variable ranging from under 15,000 to greater than 100,000.

Race: Respondents who answered yes to Q38: Are you of Hispanic origin or descent?”
were coded as Hispanic, regardless of their racial choice. Respondents were also asked
Q39: Which of these categories best describes your race?” Respondents in South
Carolina were coded as White, or Races other than white, based on the distribution of the
racial breakdowns. In Sacramento, we used the following classifications: White non-
Hispanic, Black non-Hispanic, Hispanic, Asian/Other Pacific Islander non-Hispanic and
Other non-Hispanic.

Expecting a Form: Respondents were asked whether they expected a census form in the
mail. Those answering yes were coded as one, those answering no or not asked were
coded as 0.

Civic Participation: Civic participation was defined by a battery of yes/no questions (Q3)
inquiring about work for a political party or candidate, non

political volunteer work, voting in the last presidential and local elections, membership in
a PTA, religious organization, civic club or community organization, and membership in
aunion. Answers to these questions were summed with the highest score equal to 8 and
lowest score equal to 0. This score was-then categorized in to four levels (0 activities, 1
4 and 5 or more).

Response rates were calculated using 1998 guidelines of the American Association for
Public Opinion Research.
See Appendix B for description of variables.
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ASSESSING THE QUALITY OF THE INITIAL MASTER ADDRESS FILE FOR CENSUS 2000
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Joseph Burcham, U.S. Census Bureau, Room BH118-2, Washington, D.C. 20233

Key Words: QIP, MAF, coverage errors, geocoding
errors

Introduction

The Master Address File, or MAF, is a file of residential
addresses that will be used for Census 2000 and also will
be maintained as a sampling frame after Census 2000.

At this point in time, the Bureau has used four different
sources of addresses to update the MAF in areas where
the Census Bureau will use mailout/mailback
enumeration in Census 2000. The four sources were:

. 1990 Address Control File (ACF)

. November 1997 Delivery Sequence File (DSF)
from the U.S. Postal Service

. September 1998 DSF

. Address files from the Block Canvassing
operation

The ACEF is the file of addresses collected during the
1990 Census. The DSF is maintained by the U.S. Postal
Service and contains more up-to-date information about
residential and non-residential addresses that receive
mail. In the Block Canvassing operation, field
representatives traveled to the mailout/mailback areas to
provide additional updates to the MAF.

The Initial MAF, which is the version of the MAF we
measured in this study, consisted of the ACF and the
November 1997 DSF.

Because the Census Bureau must have the ability to

geographically locate each address, each address on the
MAF is assigned, or geocoded, to a census block.

Goal of the Evaluation

Census Bureau staff designed the 1998 Quality
Improvement Program (QIP) to measure the effectiveness
of the Initial MAF in accurately reflecting existing
housing units as of April 1, 1998.

The MAF will eventually become the single source of
addresses that the Bureau will use to conduct Census
2000 as well as other surveys. The point of measuring an
early version of the file is that we wanted to see how
good the two sources of addresses used to create the file
were. By understanding the impact of these two sources,
we could get an indication of the amount of coverage
improvement that was needed on the file.

We accomplished the goal by producing national level
and census division level ratio estimates of coverage
errors and coding errors on the MAF.

We had data suggesting that the quality of the Delivery
Sequence File varied among postal service areas. During
early stages in planning, we explored the possibility of
producing estimates for each postal service area. Due to
the fact that postal service areas cross county boundaries,
we were unable to assign our sample counties to a
specific postal service area. Therefore, we produced
estimates for the level of census geography that is closest
to postal service area, which is census division.

The five errors that we were specifically interested in
measuring were:

. undercoverage error ( an existing residential
address is missing from the MAF)

. overcoverage error (a non-existing residential
address is included on the MAF)

. 'geocoding error (an existing residential address
is coded to the wrong census block on the MAF)

. ungeocodable error (an existing residential
address is on the MAF, but not coded to a

This paper reports the results of research and analysis undertaken by Census Bureau staff. It has undergone a more
limited review than official Census Bureau Publications. This report is released to inform interested parties of

research and to encourage discussion.



census block at all)

. non-residential coding error (an existing
residential address is incorrectly coded “non-
residential” on the MAF)

The 1998 QIP Operation

The QIP team modeled QIP methodology after the
Census Bureau’s 1996 Integrated Coverage Measurement
(ICM) methodology. ICM is currently known as the
Accuracy and Coverage Evaluation, and was designed to
measure the coverage of people and housing units in the
Census. To test the operational feasibility of using the
Integrated Coverage Measurement methodology for QIP,
the team conducted a pilot study in 1997 in six counties.
With a few modifications, the methodology proved to be
effective in measuring the coverage of housing units on
the MAF.

The operation consisted of the following steps:

. selecting a stratified, two stage cluster sample of
areas to be used in the study (the first stage
being a sample of counties and the second stage
being a sample of blocks)

. creating the Independent Listing (IL), which was
a current list of all housing units existing in the
blocks.

. Matching the IL to the MAF (to evaluate the
MAF)

. computing estimates of MAF errors using the
match codes

. computing standard errors using stratified
jacknife replication

Sample Design

We designed our sample to give us coefficients of
variation of about 10 to 15%.

The universe consisted of all counties that contained
some areas classified by mailout/mailback enumeration.

Mailout/mailback enumeration areas are areas consisting
of households that will receive their Census 2000 forms
in the mail. These areas consist of primarily city-style
addresses.

To stratify the universe of counties, we first grouped the

counties by Census Division. Within each Division, we
assigned counties in the universe to one of four “growth”
cells. The four “growth” cells were called:

Low/Low

Low/High
High/Low
High/High

We created these cells by comparing housing unit growth
estimates on the Delivery Sequence File to the Census
Bureau’s housing unit growth estimates. Sometimes the
estimates agreed and sometimes they did not. We set up
the 4 cells to reflect the level of agreement. For example,
the low/low cell identifies low housing unit growth on the
Delivery Sequence File and low housing unit growth
according to the Census Bureau, etc.

Nine divisions times 4 “growth” cells resulted in 36
*“growth” strata nationwide.

Within each stratum, we selected 3 counties
systematically proportional to the size of the county.
Selecting 3 counties in each stratum resulted in 108 total
counties.

We required a total of about 170,000 residential addresses
in sample. We allocated that sample size to the counties
in order to achieve a self-weighting design within each
“growth” stratum.

Within each sample county, we selected a sample of
blocks. The blocks were grouped into 4 “size”™ strata. A
block is assigned to one of these strata based on the
estimated number of units in the block. The four size
strata were:

0-2 HUs
3-19 HUs
20-79 HUs
80+ HUs

We allocated the county sample size proportional to the
count of HUs in the bottom three size strata. Then, in
each of the three strata, we selected the required number
of blocks with equal probability.

For the 0-2 strata, we wanted to select as few of these
blocks as possible but also minimize the potential impact
on variance of high housing unit growth in these blocks.
So, we selected twelve blocks with equal probability in
each of these strata.

The Independent Listing



To create the Independent Listing (IL), field
representatives traveled to the blocks and listed all
residential units that existed on April 1, 1998. It is
assumed that this listing is more current than the MAF.
So, we evaluated the MAF by comparing, or matching,
the IL to the MAF.

Matching

In matching, whenever a residential [L address matched
to a residential MAF address in the same block, this
confirmed an existing housing unit.

Whenever an address on one list did not match an address
on the other list, or whenever two addresses matched but
the MAF address was coded in error, we potentially
identified one of the errors we were measuring.

The first type of matching we did was computer
matching. All IL addresses were residential and geocoded
to one of the sample blocks. But on the MAF, we
matched to addresses regardless of whether they were
residential or non-residential or geocoded or ungeocoded.
Also, on the MAF we matched to addresses coded to the
sample block but also to addresses in the zip codes
surrounding the sample blocks. The point of matching to
alarger number of addresses on the MAF is that we have
a better chance of identifying MAF coding errors.

Because the computer match was not perfect, we had
several followup operations for the purpose of finding
more matches and verifying the existence of units.

These followup operations were:

. Before Followup Review - which was clerical
matching that occurred right after the computer
match

. Field Followup - where field representatives

traveled back to the sample blocks for the cases
that were still unresolved

* 7 After Followup Review - where the clerical
matchers assigned final match codes

In field followup, we required field representatives to
determine whether or not housing units existed for the
addresses in question. There were some situations where
we had an address that corresponded to an existing unit,
but the address was incorrect. In these situations, some
field representatives answered “the address does not
exist,” which was later interpreted as “the unit does not

exist” in After Followup Review.

In future studies of this nature, we should prevent these
problems by making clearer procedures and/or different
wording on the followup forms.

Estimation

We used the final match codes to produce ratio estimates
for each of the five MAF errors that we were interested
in.

When final match codes were being assigned, some
addresses were still unresolved. An address could be
unresolved because:

. you don’t know whether it refers to an existing
residential unit, or

. you don’t know the coriect block

To determine the impact of unresolved cases on the
estimates, we computed the estimates two different ways,
by:

. Excluding the unresolved cases, and

. Including the unresolved cases and assuming a
worst-case scenario

For the most part, each worst-case scenario estimate was
worse than its corresponding no-unresolved estimate by
only about half of a percentage point. We decided to be
conservative and present the worst-case scenario .
estimates.

The Undercoverage Estimate

Undercoverage simply means a unit was missing fromthe
MAF but we found it on the ground.

Specifically, this estimate is defined as:
the percentage of existing housing units in the sample
blocks that are missing from the MAF.

Figure 1 shows 90% confidence intervals for the national
and census division level undercoverage estimates.

Figure 1. Undercoverage
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The national undercoverage estimate (on the far left) is
9.1%. The confidence interval ranges from 7.8% to
10.3%.

The census divisions are abbreviated on the grapb. The
abbreviations of the divisions, with their names, are:

N.E. - New England

M.A. - Middle Atlantic
E.N.C. - East North Central
W.N.C. - West North Central
S.A. - South Atlantic

E.S.C. - East South Central
W.S.C. - West South Central
Moun - Mountain

Pac - Pacific

The undercoverage estimate ranges from about 5% in the
West North Central division to about 16% in the South
Atlantic division. The undercoverage rate in the South
Atlantic division is significantly higher than the
undercoverage rates in four other divisions.

In general, southern areas of the United States tend to
display higher undercoverage than northern areas.

As stated before, all estimates that we present are worst-
case scenario estimates. Most of the worst-case scenario
estimates are worse than their corresponding no-
unresolved estimates by only about half of a percentage
point. The South Atlantic division is an exception. The
undercoverage estimate in this division ranges from a no-
unresolved estimate of 14.8% to a worst-case estimate of
15.9%.

The Overcoverage Estimate

Overcoverage means a unit was on the MAF but we did
not find it on the ground.

Specifically:

This estimate is the percentage of MAF addresses coded
to the sample blocks that should not be coded to the
sample blocks.

An overcoverage addresses could be:

. an address that refers to a housing unit that
exists outside of the sample blocks

. an address that does not refer to an existing
housing unit at all, or

. a duplicate of another residential MAF address

Figure 2 shows 90%
overcoverage.

confidence intervals for

Figure 2. Overcoverage
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The national overcoverage estimate is 12.8%, with a
confidence interval ranging from 11.1% to 14.6%.

Overcoverage ranges from about 8.5% in the East South
Central division to about 16% in the South Atlantic
division. These two rates are the only rates that are
significantly different.

The Geocoding Error Estimate

Geocoding error means we found the unit on the ground
but it was coded to the wrong block on the MAF.

Specifically, this estimate is the percentage of MAF
housing units existing in the sample blocks that are
geocoded in error.

When conducting a study of geocoding error based on
sample blocks, there are different types of geocoding
errors to consider:
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. geocoding error of exclusion - a housing unit
exists inside a sample block but is incorrectly
excluded from the sample block on the MAF (it
is coded to the wrong block on the MAF)

. geocoding error of inclusion - a housing unit is
incorrectly included in a sample block on the
MAPF, but exists outside of the sample block (it
is coded to the wrong block on the MAF)

Another thing to consider is the area in which one
searches for geocoding errors.

Because of limited resources, the only type of geocoding
error we measured was geocoding error of exclusion.
During the computer match, we searched for these errors
within the sample blocks but also within zip code on the
MAF. These types of geocoding errors are the only types
reflected in our geocoding ervor estimate.

Figure 3 shows 90% confidence intervals for geocoding
€rTor.

Figure 3. Geocoding Error
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Our national estimate of geocoding error is 6.2%, with a
confidence interval ranging from 4.9% to 7.5%

Geocoding error ranges from about 2.5% in the West
South Central division to about 11% in the Middle
Atlantic division. The West South Central estimate is
significantly lower than the estimate in five other
divisions.

The geocoding error estimate in the South Atlantic
division is also an exception to the 0.5% rule. Geocoding
error in this division ranges from a no-unresolved
estimate of 4.7% to a worst-case estimate of 5.4%.

The Ungeocodable Match Rate Estimate

This estimate is a measurement of the extent that we

found units on the ground that were ungeocodable on the
MAF.

Specifically:
This estimate is the percentage of MAF housing units
existing in the sample blocks that are ungeocoded.

Figure 4 shows 90% confidence intervals for
ungeocodable match rate.

Figure 4. Ungeocodable Match Rate

The national estimate is 6.4%, with a confidence interval
ranging from 4.9% to 7.9%.

Ungeocodable Match Rate ranges from about 2% in the
Middle Atlantic division to about 12% in the South
Atlantic division. The South Atlantic estimate is
significantly higher than the estimate in four other
divisions.

The Non-residential Coding Error Estimate

Non-residential coding error means we found a unit on
the ground but it was incorrectly coded non-residential on
the MAF.

Specifically:

This estimate is the percentage of residential MAF units
in the sample blocks that are incorrectly coded non-
residential.

Figure 5 shows 90% confidence intervals for non-
residential coding error. Notice that all of the graphs
shown previously had a y-axis ranging from 0 to 30%.
This graph has a y-axis ranging from 0 to 1%.



Figure 5. Non-residential Coding Error
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The national estimate is only 0.13%, with a confidence
interval ranging from 0.1% to 0.16%.

Non-residential coding error is less than a fourth of a
percent in every census division.

Relationship Between the Estimates

One relationship between the estimates that is worth
mentioning is that of coding errors vs. coverage errors.
We were successful in distinguishing between coverage
errors (undercoverage/overcoverage) and coding errors,
to the extent that we located coding errors within zip code
on the MAF. Without this distinction, cases that were
actually on the MAF but coded in error would appear to
us as missing from the MAF, or in other words,
undercoverage. So, our undercoverage estimate is lower
and more accurate than it would have been without
accounting for these coding errors.

Conclusions

In theory, the MAF should contain all residential units in
the nation. Because most of our estimates are fairly high,
this confirms the need for significant coverage
improvement on the MAF prior to Census 2000.

The South Atantic division appears to contain more
MAF deficiencies than any other division. It shows the
highest undercoverage rate, overcoverage rate, and
ungeocodable match rate. These deficiencies may be due
to the quality of the Delivery Sequence File in the
Southeast and Mid-Atlantic postal service areas.

The lowest undercoverage rate in any division is 7% and
lowest overcoverage rate is 8.5%. Because even the
lowest estimates are relatively high, every census division
shows a need for coverage improvement.

Because all of our estimates of non-residential coding
error were so low, we do not believe this error is a major
concern for MAF building.

As we approach Census 2000, one of the most important
address building operations is the Block Canvassing
operation. Again, the purpose of Block Canvassing is to
improve the quality of the MAF in all mailout/mailback
areas of the nation. Because of our relatively high
estimates of errors on the Initial MAF, we believe the
Block Canvassing operation is critical in ensuring the
highest possible quality of the MAF.

In past censuses, field work has always been essential in
creating the address file. Because the Initial MAF for
Census 2000 was created without any field operations, it
may not be a big surprise that we measured such a high
number of errors. In addition to the Block Canvassing
operation, several other field operations are being planned
to update the MAF prior to Census 2000.
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1 Introduction

The U.S. Bureau of the Census conducts a census of
population and housing units every ten years. Counting
every person is important as the census is used to
apportion the seats in Congress among the states, to
allocate billions of dollars of federal funds, and for future
planning by federal and private agencies. Yet the ceasus
has been afflicted by two serious problems in recent
decades. First the price of the census has increased
markedly. The 1990 Census cost $2.6 billion; in constant
1990 dollars, the four censuses from 1960 to 1990 cost
$9, S11, $20, and $25 per household, respectively
(National Research Council 1695). The 2000 Census is
projected to cost much more. As will be discussed in the
next section, much of this increase is due to the fact that
fewer people have been returning their census
questionnaires.

The second problem involves the census counts
themselves. For-the past six censuses, the Bureau has
evaluated errors in census counts—measuring people who
were missed and others who were enumerated
erroneously. The evaluations have shown a net
undercount for the total population, and a differential net
undercount among demographic groups. For example,
the Bureau estimated that in the 1990 Census 1.6 percent
of all people were missed, but that 4.4 percent of all
Blacks were missed, as well as 5.0 percent of all
Hispanics.

To address these problems, during the 1990's the
Bureau of the Census developed methods for conducting
the census that rely on sampling and estimation
procedures. First, instead of visiting all housing units that
did not respond, our plan was to select a large sample of
them and visit only those in the sample. A second
component of the new procedures was called the
Integrated Coverage Measurement (ICM). This quality
check survey and operation, similar to the Post
Enumeration Survey conducted after the 1990 Census but
larger in scope, would allow us to estimate the net
undercount for various demographic groups and to adjust
the census counts—-thereby eliminating or greatly reducing
the differential net undercount among the groups.

In 1998 the Census Bureau conducted a dress

/ hearsal in three sites. According to an agrecment

3

between the Congress and the Department of Commerce,
we applied the planned sampling techniques in two of the
sites—Sacramento, California, and Menominee County,
Wisconsin. In the third site, the city of Columbia, South
Carolina and eleven surrounding counties, sampling
procedures were not used. However, a post-enumeration
survey was conducted there to measure the net
undercount. This paper discusses the methodology used
in the Dress Rehearsal and presents a bref summary of
selected results in the three dress rehearsal sites.

On January 25, 1999, the Supreme Court ruled
against the use of sampling in the 2000 Census for the
appordonment counts, but left open its use for all other
purposes. Thus, the Census Bureau will follow up all
nonresponding households in 2000, but will conduct a
quality check survey to estimate and adjust for the
undercount—for purposes other than apportionment.

In Section 2 we present the methodology and tesults
for the initial phase of the census—including sampling for
nonresponse follow-up. Section 3 provides a discussion
and some results from the ICM phase.

2 The Initial Phase

Since the 1970 census, most people have been mailed
or given a questionnaire, and asked to mail it back. To
each houschold that does not return a questionnaire by
mail, the Burcau sends an interviewer to collect the
information. This 100% follow-up of the nonresponding
households has been a major factor in the increase in
census cost as more and more houscholds require follow-
up with a personal visit. The response rate for the mail
questionnaire declined from 78% in the 1970 Census, to
75% in 1980, to 65% in 1990 (National Research Council
1995). To address the issue of declining response rates
and increased costs, the Bureau developed a plan to

. sample the noaresponding households.

To begin the initial phase of the Dress Rehearsal the
Census Bureau prepared a list of addresses in-the three
sites and delivered census questionnaires by mail or in
person to all housing units on the list. The U.S. Postal
Service returned some of the questionnaires as

* “yndeliverable as addressed.” In addition, we did not

receive questionnaires back from many of the remaining
housing units. The Bureau conducted a field follow-up of
nonresponding housing units and postal returns. As is
seen below, the procedures differed according to the site.



2.1 Sampling for Nonresponse Follow-up (NRFU)

In Sacramento, California, from those households
that did not return a census form, we selected a sample
and conducted a personal interview. Although the
Bureau applied sampling techniques in Menominee
County, Wisconsin, during the Dress Rehearsal, most of
the Menominee site is an Indian reservation. On Indian
reservations our sampling plans called for personal
follow-up visits to all the nonresponding housing units.
In South Carolina, we also conducted follow-up with all
nonresponding units—as is the general rule under a
traditional census.

In Sacramento, the sample of nonresponding housing
units was selected separately in each census tract. The
goal was to achieve a2 completion rate of 90% or higher in
each tract. For example, if the initial response rate in a
tract was 70%, then the sampling rate among
nonrespondents would be 2 in 3. In general, if the initial
response rate was 85% or higher, we sampled 1 in 3.
Thus the sampling rate depended on the initial response
rate, and varied by tract; as the response rate increased,
our sampling rate in that tract generally decreased. Note,
however, that we followed up all nonrespondents in
blocks selected for the Integrated Coverage Measurement
sample. (See Secton 3.1.)

Immediately after the cut-off for mail returns, the

/~ O .onresponding housing units were sorted within the tract

by geography and form type (long vs. short form). Then
a systematic sample was sclected. This ensured that the
sample was distributed evenly across the tract.

The population characteristics of the remaining
nonresponding households—those not selected in the
sample—were imputed using a hot-deck procedure based
on information collected fromsampled nonrespondents in
the same census tract. (This was also true for housing
units selected in the NRFU sample that were
nonrespondents again in the follow-up.) The procedure
was designed to reduce bias in estimation and to ensure
that the hot-deck population estimates agree in
expectation with simple weighted estimates at the tract
and higher levels of geography. Occasionally a census
form was returned after NRFU sample selection. The
information from these forms was notdiscarded; ratheran
appropriate adjustment to the estimation methodology
was made to accommodate late forms.

2.2 Sampling the Undeliverable-As-Addressed (UAA)
Vacant Returns - -

In the Sacramento site, we selected a sample of the
UAA vacant housing units for personal visits to check
whether the housing unit was actually vacant. As was the

/\. e with nonresponse follow-up, there was no UAA

sampling operation in Menomines or South Carolina. In
Menomines, Census Bureau staff initially left
questionnaires at all existing housing units; because the
U.S. Postal Service did not deliver questionnaires, there
were no UAA vacant returns there. As was mentioned
carlier, in South Carolina we conducted a traditional
census.

The Bureau selected a systematic sample of UAA
vacant units as identified by the U.S. Postal Service ata
3-in-10 rate. This rate was the same in each tract,
regardless of the number of returns. Before selecting the
sample, the vacant returns were sorted by geography and
form type (long vs. short) within an eligible tract. The
sampling for NRFU and UAA vacants was done
simultaneously but independently within separate
sampling strata for NRFU units and UAA vacants. The
characteristics for UAA vacant units not selected into the
sample were imputed based on sample cases in the same
census tract.

23 Results of Sampling for NRFU and UAA in
Sacramento

Table 1 below presents some results for the initial
phase in the collection blocks in Sacramento (Memo. {1]).

Table 1. Sacramento, CA: Housing Unit Frequencies

in Collection Blocks
Occupied Total % of
Housing Units Total
Total 151,732 100.00%
Total respondents 138.271 91.1%
By mail 90,156 59.4%
In NRFU sample 48,115 31.7%
Imputed 13,461 8.9%

Ona person basis, in Sacramento 24,930 people were
imputed into nonresponding housing units based on the

"NRFU sampling and estimation operations. Similarly,

2,409 people were imputed into UAA addresses. As
noted earlier, we followed up all nonresponding units in
the Menominee and Columbia sites.

3 Integrated Coverage Measurement (ICM) and Post
Enumeration Survey (PES)

To reduce the differential net undercount, the Bureau
conducted the ICM in Sacramento and Menominee and
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adjusted the initial-phase counts. Essentially the same
design was implemented in South Carolina in what was
called the Post Enumeration Survey (PES). The goal in
South Carolina, however, was to measure the net and
differential net undercount without making adjustments
to the counts. Unless otherwise specified, whenever we
refer to the ICM, our statements refer to the ICM
conducted in Sacramento and Menominee as well as the
PES in South Carolina.

3.1 Sampling in the ICM (PES)

The ICM sample was a stratified systematic sample
of clusters of geographically contiguous housing units.
To select the sample, we first formed block clusters by
combining adjacent blocks with at least three housing
units but no more than 79. All other blocks were defined
as block clusters by themselves.

Next we formed sampling strata by grouping block
clusters into homogeneous groups based on the 1990
Census demographic characteristics of the block clusters.
The statum definitions comresponded to major
demographic groups such as the proportion of certainrace
or ethnic groups and the proportion of renters—known to
be traditionally undercounted. These strata were formed
within each group of clusters based on their sizes—~small

9-2 housing units), medium (3-79 bousing units), and

arge (80 or more housing units) clusters. In the third step
we selected sample clusters using proportional allocation
and systematic sampling.

In the fourth step Census Bureau field staff listed the
sample block clusters independently, that is, without the
use of any census address lists. If a selected cluster had
fewer than 80 housing units in the independent listing, all
were retained for ICM interviewing. If the cluster had 80
or more housing units it was divided into segments and
one or more of these segments were selected randomly.
This was done to make the interviewer work load more
efficient and to improve the efficiency of the design by
reducing the clustering effect. Other adjustments to the
sample were also applied to bring field listing workloads
in line with expectation. A sample of block clusters was
selected for each site. The summary statistics of the ICM
samples by site are given in Table 2. .

3.2 Interviewing Results

Census Day in the Dress Rehearsal was April 18,
1998. ICM telephone interviewing started May 15, and
the personal visit (door-to-door) interviewing started on
June 2; interviewing was completed on September 3,
1998. Computer Assisted Personal Interviewing (CAPD)
was used for the ICM sample households.

The “Census-day” noninterview rate for the P sample

Table 2. Summary of the ICM (PES) Sample:
Clusters, Housing Units, and People

Sacra- | Meno- South
mento minee | Carolina
No. of Clusters 390 21 674
No. of P-sample 16,419 794 -17,677

HUs! .
Interviewed 14,322 409 14,972
Nonint'v'd 765 7 822
Vacant or 1,332 378 1,883
deleted HUs
. No. of P-sample 35,509 1,233 35,018
people!

! See section 3.3 for a definition of the P sample.

is defined as the number of noninterviewed housing units-
-based on the Census-day status of the housing unit—
divided by the number of P-sample housing units. These
rates were 4.7% in Sacramento, 0.9% in Menomines, and
4.7% in South Carolina.

To evaluate the procedures for houscholds that
moved into P-sample housing units after Census day, we
define “interview day” noninterview rates. The
numerator here is the number of poninterviewed units
based on the status of the housing unit on the day of the
ICM interview. These rates were 2.0% in Sacramento,
0.19> on Menominee, and 1.6% South Carolina.

33 Dual System Estimation in the ICM (PES)

Estimation in the ICM entailed three major steps—
dual system estimation, post-stratification, and raking. A
brief description of each is given in the following
subsections. Dual system estimation (DSE) is based on
capture-recapture methodology. Consider only those

+ housing units contained in the sample block clusters

‘selected for the ICM. Within these clusters we define the
units enumerated in the initial phase as the E sample, and
those enumerated in the ICM as the P sample. After the
ICM field work was completed, the Census Burzau tried
to match all P-sample persons to E-sample persons. Each

person is classified in one of three ways, according to

whether he or she is matched (included in both
enumerations), included in only the census enumeration -
(only in the E sample), or included in only the ICM
enumeration (only in the P sample). Table 3

demonstrates the possibilities.



Table 3. Enumeration in the Census and in the ICM '

erToneous enumerations, as estimated in the E sample).
In Table 4, for matches, imputed persons, and

erroneous enumerations, we display the aggregate rates as

measured across each site. )

Table 4. Rates Used in the Dual System Estimate

IcMm Census Enumeration
Enumeration (E Sample) Total
(P Sample) In Out
In N;, N, Ny -
Out N,, (Ny) (N:.)
Total N,, (N,;) j (N.)

Note that N;,, N;;, and N;,, and thus also the
marginals N\, and N,,, are observed after we match the P
and E samples. The cell enry Ny, and all sums derived
using Ny, are unobserved (and placed in parentheses). If
we assume that the two enumerations are conducted
independenty, then the interior frequency Ny, / N,
should be approximately equal to the product of the
marginal frequencies (N,; / N,.) x (N,/N,) . In that
case, we can estimate the unknown total as N, = N,; x
Ny./ Ny, - Note that, for any person, the probabilities of
enumeration in the initial phase and in the ICM need not
be the same. However, the enumerations must be
conducted independently.

To this point, the numbers in Table 3 refer to counts
Jr estimates in the ICM sample block clusters. But
because the ICM clusters are a representative sample of
the appropriate site, we apply the sample weights to get
an estimate of the total population of the site. In the DSE
model above, N,, represents the number of people
enumerated in the ICM (the number of P-sample people).
N, is the number of people enumerated in the initial
phase and in the ICM, that is, the number of matches
between the P and E samples. Then the ratio of weighted
totals N, / N, is the inverse of the weighted match
probability among P-sample people.

The weighted estimate N, is the number of distinct
and identifiable census persons (E-sample people), also
called the official census count. The official count,
however, includes imputed persons and people who are
erroncously enumerated. People are imputed when a
census enumerator confirms that a certain number of
people live at an eligible address, but insufficient
additional information can be gathered. Erroneous
enumerations include people who should not be counted
at that address, for example, because they should be
counted elsewhere, 'such’as in a college dormitory, or
because their residence is actually at a different address.
To correct for these situations, in place of N, in the
formula above, the Bureau subtracts the number of

r\vholc-person imputations and multiplies by the

porticn of correct enumerations (1 minus the rate of

Sacra- | Meno- South
mento | minee | Carolina
Rate of matches 78.1% | 82.9% 74.1%
Rate of imputed 7.4% 7.6% 5.6%
persons
Rate or erroneous 10.5% 9.7% 13.7%
enumerations ! :

' Duplicates, geocoding errors, fictitious persons, illegible
names, etc.

It should be noted, however, that the rates arz applied
at more detailed levels in the actual estimator. In the
Dress Rehearsal, these rates were estimated at the site
level from information gathered within the ICM clusters.
For example, follow-up operations were used " to
deterrnine  erroncous enumerations by identifying
duplicates, geocoding errors, fictitious persons, and
illegible names. Other adjustments are made to the
estimator above to account for specific aspects of the
ICM operations. For example, different procedures must
be applied in the case of households where the census-
day residents moved out before the ICM enumeration.
This allows us to obtain 2 more precise estimate of the
number of P-sample people and matches in the ICM.

Because capture probabilities are not equal for all
members of the population, we by to parttion the
population into groups (post-strata) such that coverage
probabilities are similar for all members in a post-stratum
but different in different post-strata. The dual system
estimates are then calculated separately in each post-
stratum. In the Dress Rehearsal we formed post-strata
based on combinations of tenure, race, ethnicity, age, and

sex—all done separately within each of the three sites.

For a given post-stratumn, the coverage factor is
defined as the ratio of the dual system estimate divided by
the census count. This coverage factor allows us to
compute small-area estimates at the block level using an
approach called synthetic estimation. For people

- satisfying the characteristics of the post-stratum, the

block-level estimate (for these people) is obtained by
multiplying the corresponding census count by the post-
stratum coverage factor. A controlled rounding
procedure is then applied to obtain integer person
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/ estimates. For information on these and other more

intricate aspects of the dual system estimator as applied to
the 1990 Post Enumeration Survey, see Hogan (1993).

3.4 Post-strata and Raking

As mentioned in section 3.3, dual system estimates
were to be computed for 84 predefined groups, or post-
strata, as given by cross-classifying the following:

Race-ethnicity (6 groups): Hispanic; and non-Hispanic
groups of the races black, Asian, American Indian,
Hawaiian or Pacific Islander, and white and all others.

Age-sex (7 groups): male or female, 0 - 17; male, 18 -29;
female, 18 - 29; male, 30 - 49; female, 30 - 49; male, 50
and over; female, 50 and over. -

Tenure (2 groups): owner, renter.

These post-strata were required to have 2 minimum
population size; if not, groups were collapsed according
to predefined criteria. Because of differing racial and
ethnic compositions in the dress rehearsal sites, some
post-strata were collapsed in each of the three sites. (See
Memorandum [3].) However, the two tenure groups—

f * vner and renter—were never collapsed together.

In Sacramento, American Indians, Hawaijan .and
Pacific Islanders, and Hispanics were placed in one
group, but all age-sex and tenure categories were retained
throughout the site. This produced 56 (rather than 84)
final post-strata in Sacramento. In South Carolina, whites
and others formed one race-cthnicity group, but the other
five were collapsed into a second group. Retaining all
age-sex and tenure categories, the site used 28 post-strata
for esimation. The post-stratification was a little more
complex in Menominee. There, blacks, Asians, American
Indians, and Hawaiian and Pacific Islanders were
combined. For this group we retained the age-sex and
tenure breakdowns. For the white-and-other group, we
collapsed the first four age-sex categories above; the
other three stood on their own. For the Hispanic group,
we collapsed all age-sex categories, and ended with two
post-strata—one each for owners and renters. This
produced 24 post-strata in Menominee.

To reduce the variance of the dual system estimates
(DSEs), we employed raking procedures using several
steps. (1) We assigned the race-ethnicity x age-sex groups
(after collapsing groups as necessary) to the rows of the
raking matrix, and the two tenure groups to the columns.
(2) The internal cells of the raking matrix were filled with
the DSEs corresponding to the row and column

/~ “regories. (3) The marginals were then obtained by

‘ng the DSEs across rows and down columns of the

Components Sacra- | Meno- South
mento minee | Carolina

Actual count for 7,066 45 33,524
GQs' and SBE
Actual count for 334,952 | 4,490 | 612,962
NonGQ persons
Actual count for 7,143 60 15,654
unclassified HUs
Added sampling 24,930 NA? NA
for NRFU
Added UAA 2,409 NA NA
vacant
Added SBE 1241 NA NA
Added ICM 25,572 143 NA3
Total Count for | 403,313 4,738 | 662,140
Apportionment

matrix. (4) The initial interior cells were then replaced
with the unadjusted population counts. (5) The intetior
cells were raked to the marginal totals until convergence.
For more details on the post-stratification and on the
effect of the raking procedure, see Schindler (1999).

3.5 The Summary of Estimates and Undercounts

In Table 5 the apportionment count for each site is
given and divided into its several components. These
components include the use of sampling for nonresponse
follow-up and UAA vacant returns and multiplicity
estimation in Sacramento, and the adjustment for the net
undercount in Sacramento and Menominee.

Table S. Census Counts and Their Components

! GQs: group quarters; SBE: service-based enumeration.

.2 Not applicable.

? Although no persons were added to the apportionment
count in South Carolina, the PES estimated a net
undercount of 65,108 people.

The estimated net undercount for a group or
geographic area is defined as the difference between the

* group’s census counts after (adjusted) and before

(unadjusted) applying the ICM (PES) coverage factors.
The net undercount rate is simply this difference divided
by the adjusted count. Over the entire site, including
people enumerated in group quarters and services such as



{  shelters and soup kitchens, the net undercount rates (with

standard errors in parentheses) were estimated as 6.3%
(1.1%) in Sacramento, 3.0% (1.8%) in Menomines, and
9.0% (1.6%) in South Carolina.

Finally, Table 6 provides estimated net undercount
rates for the Dress Rehearsal computed for specific race-
ethnicity groups retained in the post-stratification for that
site (Memos. (2], [3), and [4]). It should be noted that the
rates in Table 6 are based only on the housing unit
population; group quarters and people enumerated at
services are not included in the rate’s denominator.

Table 6. Net Undercount Rates for Race-Ethnuicity
Groups (Housing Unit Population Only) !

2000 Census Dress Net Undercount Rate
Rehearsal * (SEs in parentheses)
Sacramento, CA
Non-Hispanic White? 4.7% (1.2%)
Non-Hispanic Black 8.7% (2.4%)
Non-Hispanic Asian 60% (1.9%)
Non-Hispanic 8.5% (1.7%)
American Indian )
Non-Hispanic Hawaiian 8.0% (1.6%)
Hispanic 8.3% (1.5%)
Total 65% (1.1%)
Menominee
Non-Hispanic Amer. 4.1% (2.0%)
Indian on Reservation
Total 3.0% (1.8%)
South Carolina
Non-Hispanic White ? 6.3% (1.3%)
Hispanic, Black, Asian, 13.2% (2.6%)
Am Ind., Hawaiian
Total 94% (1.6%)

| These undercount rates do not include people in Group
Quarters and Service Based Enumerations in the
denominator.

! This group includes Non-Hispanics of all races other

/~%an Black, American Indian, Asian, and Hawaiian and

‘fic Islanders.
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1.0 Introduction

An accurate and complete count of persons is essential
for the decennial census. Most of the household
enumeration is based on self-administered
questionnaires returned by mail. The respondent is
provided a list of residence instructions on the front
page of the form, which guides the respondent in
determining whom to include or exclude on the form.
The quality of the overzll census count depends, in a
significant sense, on how accurately the respondent
reads and interprets these instructions for his or her
household enumeration, or on how well the
respondent’s own natural decision rules for inclusion
and exclusion coincide with those of the census
residence instructions.

The purpose of this research was to compare and
understand the nature of the response accuracy between
two sets of residence instructions. The longer set of
instructions had been used on the 1990 census
questionnaires, and the shorter set, on the Census 2000
Dress Rehearsal questionnaires. Each instruction set
had “include” and “do not include” headings, with
examples of situations listed underneath. The longer
set had 13 instructions (8 “include™ and 5 “do not
include” instructions). The shorter set had 7
instructions (3 “include” and 4 “do not include”
instructions).

Earlier research had suggested that it might be effective
to use a shorter set of instructions if the omitted
instructions coincided with the respondent’s natural
decision rules or intuition for including or excluding
people on the questionnaire. Therefore, some of the
rules that were repeated on both the “include” and “do
not include” lists for the longer set were eliminated for

the shorter set. For example, on the longer set,
“College students who stay here while attending

"college” was under the “include™ list, and “College

students who live somewhere else while attending
college™ was under the “do not include” list. Both sets
of instructions rest on the underlying concept of “usual
residence,” that is, the place where the person lives and
sleeps most of the time.

The response accuracy of the shorter and longer
versions of the instructions was tested using three
different pretesting methods, namely: (1) group
administrations of a vignette methodology, (2) focused
group debriefings, and (3) cognitive interviews. This
paper discusses the different kinds of information and
insight provided by these three pretesting methods.
The findings of this effort are discussed within the
context of the differential use of pretesting methods.
The singular dimension of the residence instructions
compared to a lengthy questionnaire with a variety of
questions provides a good opportunity for such a
methodological assessment.

2.0 Methodology

The relative accuracy of responses using the two sets of
residence instructions was assessed using a qualitative
methodology that consisted of the following:

»  Group administrations of vignettes, in which
people in two groups (Group 1 and Group 2) were
asked to answer questions about 17 vignettes.
Vignettes, or brief narratives, present hypothetical
people in ambiguous living situations, suggesting
that there is more than one place where a person
could be counted. Prior to the administration of
the vignettes, Group 1 was asked to complete a
household questionnaire containing the shorter set
of residence instructions; Group 2 was asked to
complete the same questionnaire with the longer
set. The list of vignettes is shown in section 6.0 at

This paper reports the results of research and analysis undertaken by Census Bureau staff and researchers at the National Opinion
Research Center. It has undergone a more limited review than official Census Bureau publications. Research results and conclusions
expressed are those of the-authors and have not been endorsed by the Census Bureau. This report is released to inform interested

parties of research and to encourage discussion.
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the end of this paper.

»  Focused group debriefings, in which members of
both groups were asked to think about and
evaluate different aspects of the residence
instructions and vignettes using a series of
questions and an open-ended discussion.

¢ Cognitive Interviews, in which five participants in
each group were asked retrospectively to “think
aloud” about how they reached answers to selected
vignettes.

2.1 Participant Mix of the Groups Administered
the Vignettes

Fifty-four people were assigned to one of two groups
(28 and 26_persons for Group 1 and Group 2,
respectively). The desired mix of participants was
driven most by educational level, with 16 recruits
having less than a high school education, 17 having
only a’high school education or GED, and 9 having
only some college, and 12 having a college or
postgraduate degree. The groups also had broad racial
and ethnic representation as well as a wide
representation of households by size and special
circumstances, for example, persons away at college,
persons in institutions such as nursing homes, persons
with extended family living with them, and persons
with roomers or foster children. A similar
representation of characteristics was achieved for each
of the two groups.

2.2 Group Administrations of the Vignettes

The vignettes provided an objective measure of
accuracy to assess differences between the two groups.
Most of the vignettes were based on previous work
reported by Gerber et al. (1996); however, some were
created specifically for this exercise to cover situations
in the longer list of residence instructions. The
vignettes were developed from ethnographic sources,
including ethnographic interviews on residence
(Gerber, 1990), a Living Situation Survey pretestreport
(Sweet, 1994), ethnographies commissioned by the
Census Bureau to examine the behavioral causes of the
undercount (de la Puente, 1993), and a report on the
experience of Hispanics in the 1990 census (Kissam et
al.,, 1993). This ethnographic basis for the vignettes
ensured that they were perceived as “real” situations.
As further reported by Gerber, the vignettes had neutral
vocabulary and avoided technical census residence

terms.

The facilitator read the vignettes aloud and also gave
the participants a written version to read on their own.
They recorded their answers after each vignette. There
was no time pressure, and participants readily
answered the questions on the vignettes without
hesitation or complaints.

2.3 Focused Group Debriefings

Group 1 and Group 2 were each divided into three
subgroups for the debriefings. The five who weretobe
cognitive interview participants formed one subgroup,
and the rest of the participants were assigned to one of
two other subgroups. All three subgroups were asked
eight closed-ended, precoded debricfing questions
about the vignettes and residence instructions. The
facilitator read the debriefing questions, and
participants also were given time to read them before
entering their answers.

2.4 Cognitive Interviews

Ten participants were selected for the cognitive
interviews, five from Group 1 and five from Group 2.
The cognitive interview provided an opportunity to
explore what was going through the respondents’
minds as they answeredthe vignettes. The retrospective
“think aloud” technique was used, whereby the
respondent was asked to reread the vignette and think
aloud about what was going through his or her mind in
answering the questions. The vignettes of focus were
those for which the respondent had given an incorrect
answer based on census-defined inclusion and
exclusion criteria. The vignette answer sheet was
scored prior to the interview, and the respondents were
generally aware if they had a different answer from
what the census designated as correct. A relaxed
atmosphere was maintained, and interest was focused
on understanding Aow respondents came up with their
answers, not on the answers themselves.

3.0 Findings by Pretesting Method
3.1 Findings From the Vignette Administrations
The analysis of the vignette administrations showed a

clear pattern: Group 2 (with the longer set of residence
instructions) performed better overall than Group 1



(with the shorter set) in correctly answering the
vignettes. (See section 6.0 for vignette list) In
addition, except for V10 (Kathy's roommate), Group 2
scored higher on the individual vignettes. Three scores
reached significance (.05 level or better), as follows:

¢  The overall difference score: p<.002, with 65.4%
of Group 1 answering correctly, compared with
78.6% of Group 2

s V7- Jack: p<004, with 42.3% of Group 1
answering correctly, compared with 82.1% of
Group 2

» V9-Dave/Johnsons: p<.001, with 69.2% of Group
1 answering correctly compared with 100% of
Group 2

V1- Maria approached significance at p<.064, with
34.6% of Group 1 answenng correctly, compared thh
60.7% of Group 2.

Fisher’s Exact Test (2-tail) was used for the individual
vignettes, Ittells if the result for a given vignette could
have happened by chance. It is preferred to the chi-
square test to assess significance levels for small
sample sizes. The t-test was used for the overall score.
It not only addresses what occurred by chance, but also
aggregates across all vignettes and respondents.
Therefore, if Group 2 consistently did a little better on
most of the items, one would get a significant result
using the t-test, as occurred in this case. Small
differences can add up to a significant difference in the
t-test.

Some variations between the shorter and longer
instruction lists may have accounted for the differences
in accuracy. For example, the longer instructions:

=  Were more prominent on the page because of the
form design and greater length of the form itself.

e Hadmorecomplete and fewer truncated sentences,
which may have eased comprehension for those
who read the instructions.

» Had greater redundancy, which provided more
opportunity to encode the information. For
example, Armed Foroes personnel who were listed
under both the “include” and “do not include”
headings.

» Had less ambiguity by providing more explicit
instructions, which required less respondent

h interpretation or judgment.
L ]

Had more noun-first phrasing (that is, college
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student, newborn baby), thereby facilitating
skimming of the instructions.

¢  Had features which better overcame respondents’
natural tendency to include a person with the
family unit, rather than where he/she lived or slept
most of the time.

e Had different design features and layout than the
shorter list.

3.2 Findings From the Group Debriefings

The debriefing participants were asked to discuss four
open-ended questions. The dynamic of the group
context brought out stronger, more extreme opinions
and sometimes more tangential opinions (such as about
the census undercount and racial issues) than the four
questions. While a complete list of comments is not
possible here, some examples are as follows:

Examples of comments from groups with shorter
version of residence instructions

e Why can’t you say what you mean and be more
direct?

» If you would emphasize the date of the census,
then logic would hold.

e A person can read the instructions and still not
understand them.

= Ifa person pays rent, they should be counted.

e  The instructions are boring.

* A person might be pressed for time; there is no
time to read them at home.

Examples of comments from groups with longer
version of residence instructions

« It would help to have larger, bolder print.

¢  There is some inconsistency in the rules.

¢ To be at one place for four days and the other for
three is an “iffy” situation.

*  People follow their own logic.

« I would skim the instructions.

¢ Idonot need them [the Census Bureau] to tell me
who to include in my household.

3.3 Findings From the Cognitive Interviews

The results of the ten cognitive interviews provided
insight into “how” respondents came to enter the
answers they did regarding the vignettes. While the
insight from these interviews showed little between-



group differences, the results did show some overall
respondent patterns for providing answers to the
vignettes; which, in turn, uncovered patterns or “rules
in effect” used to decide whether to include or exclude
a person in a household.

While most participants did not carefully read the
actual instructions, most participants did make
consistent decisions based on these “rules in effect.” In
other words, many people made up rules and then
applied them consistently. The five most prevalent
“rules in effect’comments made from participants in
both Groups 1 and 2 are the following:

* A person should be listed with his or her family
{especially spouse and children). Most
participants made decisions based on this premise.
A typical comment was “they should be listed
where they live, you know, with their family; that
is where they really reside.” Therefore, relatively
high numbers missed the first two vignettes (V1-
Maria and V2-Craig).

*  You should follow the same rules as for doing
your taxes. If you list a person on your tax form,
then you should list that person on your census
form. “Tax dependency should be the guiding
principle.” “If you pay for them, you should get
credit for them.” One participant also mentioned
listing the person where he or she has a driver’s
license. Both the tax form and the driver’s license
follow a logic related to a “legal” or standard way
of doing things.

» Exclude people living in temporary situations.
Therefore, Carolyn’s mom (V4), placed in a
nursing home on a “trial basis,” was feit to belong
with the daughter, and one participant felt the
Smiths in V6 should not be included with the
Haywards since they were only staying there until
their house was complete.

*  You should include the person where he or she
was as of April 18 (Census Day for the Dress
Rehearsal), regardless of circumstance. For
example, many participants missing V17 felt that
the Wongs should be listed in Florida since they
spend a significant amount of time there, and they
were there on Census Day. One person asked,
“What if the Wongs do not get a form in Ohio?”

» Ifaperson is self-sufficient, then he or she should
get his or her own census form. Therefore, Dave,
the roomer in V9, “has his own mailbox and
should have his own form since he is paying
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rent..he is not a freeloader.” Also, Sergeant
Kathy in V8 gets her own paycheck, so she should
get her own form. This type of comment was
made from only one participant from each group.
It also carries a sense of legality with it.

4.0 The Three Pretesting Methods: Results
Compared

The three pretesting methodologies--vignettes, group
debriefings, and cognitive interviews--provided
valuable but different insights into the differences
between the two sets of residence instructions and the
use of the residence instructions in general.

The vignette method provided perhaps the most
accurate and objective basis of comparison, but their
use had some positive and some less positive features
as a methodology for assessing differences. The
vignettes provided an objective accuracy score and
enabled a more quantifiable comparison. They also
provided each group member with an array of
situations, which then permitted a more complete
appraisal of his/her decision-making under varying
household situations. The vignettes were also concrete
and understandable to those with less than a high
school education.

Nevertheless, the vignettes are somewhat artificial, and
the circumstances under which the vignettes were
completed were somewhat different than those under
which the respondent would be answering in the census
itself. Most respondents said that when they read the
residence instructions, they read them more carefully
when answering the vignettes than they would have if
they had read them on their own form, particularly if
completing it at home. This suggests that the situation
might be worse for those completing the form for their
own households, and that it would require a far greater
number of respondents to capture and assess the range
of situations presented in the vignettes. Therefore, it is
important not to ignore the findings from the vignettes
but rather to understand them.

Finally, the vignette methodology enables one to reach
the outcome state “reporting” of the information
processing model, while other pretesting methods often
fall short of this. In this case, the accuracy of the
respondent’s judgment to place a person in a vignette
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in a given household could be assessed. Tourangeau
(1984) proposed that a respondent’s answer to a
question is the result of four stages, namely:
comprehension of the question, retrieval of relevant
materials from memory, the processing of this
information to form a judgment, and the selection of
the appropriate response alternative. Eisenhower et al.
(1991) added encoding to the model, whereby
information of the event is recorded into the mind in
the first place - information may not be recorded, it
may be incomplete or it may be distorted. The vignette
methodology as a pretesting method permits
assessment of the final outcome accurate or inaccurate
reporting.

The focused group debriefing method provided greater
insight into the vignette findings. It provided more
information on motivating factors to read or ignore
aspects of the instructions. It also provided the clearest
indication of the strength of opinions. In the context of
the group dynamic, more opinions about the
instructions, vignettes, forms, and the census itself
were shared. However, the discussion part of the
debriefing produced fewer precise, more subjective
results and, therefore, required greater care in
interpreting. Precoded responses to eight questions
collected from group participants prior to the focused
discussion provided more precise measures of
opinions.

Finally, the cognitive interview method provided a
different kind of insight that would not have otherwise
been uncovered. The cognitive interviews for the
vignettes were retrospective “think alouds” with only
general questions and 2 minimum of probing. Yet as
soon as the respondents began to “think aloud,” it was
obvious that they were creating their own rules for
deciding whether to include or exclude the person in
the vignette at a given houschold. These “rules in
effect” were given without hesitation and yet were not
illuminated by any other methodology. The findings
from the cognitive interviews did not point to
differences between groups, but rather to an in-depth
understanding of decision-making strategies used by
participants from both groups regardless of the version
of the instructions. Some of these cognitive findings
suggested the following:

e Some respondents want to include an individual
with his or her family, especially with a spouse
and children, even if the individual spends the
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greater part of the time working elsewhere, They
have an affiliation orientation.

« Somerespondents have a “legal” sense that results
in wanting to include persons on the census form
if they are included on the tax form. One
individual also was inclined to include the person
in the place where the person had a driver’s
license.

e Finally, other respondents want a simple rule to
follow. Two of these simple rules included: 1) all
those living here most of the year; and 2) all those
living here as of the Census Day.

The cognitive interviews provided more information
about how respondents encoded and comprehended the
information from the instruction lists. In particular, the
interviewer informed researchers of how “judgments”
were made to include or to exclude a given personin a
given household.

This paper has discussed the research on respondent
understanding of the census residence instruction lists
to illustrate how different pretesting methods provide
different aspects for diagnosing measurement error. In
this case, the group administration of the vignette
methodology, the focused group debriefings, and the
cognitive interviews provided valued but different
kinds of results. The results from just one pretesting
methodology would have provided only part of the
answer and could have been misleading. However, the
use of the results of the three methods provided a better
basis for minimizing errors in respondent use and in
interpretation of the residence instructions in the future.
This, in turn, potentially could minimize measurement
error and lead to 2 more accurate count for future
decennial censuses.
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6.0 List of Vignettes

[Percent correct for Group 1 (shorter instructions) and
Group 2 (longer instructions) and p values shown in
parentheses)

1. Mariaisalive-in housckecper for the Smiths during the
week, but spends weckends with her husband and
children at their apartment. Where should Maria be
listed on a census form? Correct answer: with the
Smiths
(Group 1- 34.6%; Group 2- 60.7%; p<.064)

2. Craig and his wife have a house in Pennsylvania.
Craig's job is in Washington, DC, so he stays with his
mom in DC, Monday through Thursday of the wecek.
Where should Craig be listed on a census form?
Correct answer: Washington, DC
{Group 1- 23.1%; Group 2- 46.4%; p<.092)

3. SergeantJim is stationed in Alaska while his family has

10.

1L

in

12.

13.

14.

15.
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stayed behind in Maryland. Should Jim’s wife put him
on her census form? Correct answer: no

(Group 1- 53.8%; Group 2- 67.9%; p<.403)

Carolyn’s mom normally lives with her; however, on
[date before Census Day in the census month] she has
placed her mom in & nursing home on a trial basis for
the next 3 months. Should Carolyn put her mom on her
census form? Correct answer: no

(Group 1- 30.8%; Group-2- 46.4%; p<.275)

Mary's daughter Alice has been away at college and has
3 more years until graduation. Should Mary put her
daughter on her census form? Correct answer: no
(Group 1- 57.7; Group 2- 75.0%; p<.250)

The Haywards are sharing their apartment with the
Smiths until the Smiths’ new house is complete. Should
the Haywards list the Smiths on their census form?
Correct answer: yes

(Group 1- 46.2%; Group 2- 60.7%; p<.413)

Jack does not have a place of his own, but stays part of
the time at his mother's house and part of the time at his
sister’s house. On [census day], he was at his sister's.
Where should Jack be listed on a census form?

Correct answer: his sister’s house

{Group 1- 42.3%; Group 2- 82.1%; p<.004)

Sergeant Kathy is stationed at & base near her mother’s

house, and stays with her mother. Should her mother

put Kathy on her census form? Correct answer: yss.

Group 1- 80.8%; Group 2- 89.3%; p<.460)

Dave rents a room at the Johnsons’ house. Should the

Johnsons list Dave on their census form?

Correct answer: yes

(Group 1- 69.2%; Group 2- 100.0%; p<.001)

Kathy's roommate moved in on [4 days before census

day]. Should Kathy list her roommate on her census

form? Correct answer: yes

(Group 1- 88.5%; Group 2- 78.6%,; p<.470)

Mary stayed with her friend Sue for the first 2 weeks
{census month] and then returned to her apartment
Secattle. Should Sue list Mary on her census form?

Correct answer: no

(Group 1- 92.3%; Group 2- 92.9%; p<1.000)

Romero lives at home with his parents while attending

college. Should they list Romero on their census

form?

Correct answer: yes

(Group 1- 92.3%; Group 2- 96.4%; p<.604)

Ned is an eighth grader at a boarding school in another

city but comes home for holidays and summers.

Should Ned’s parents put him on their census form?

Correct answer: yes )

(Group 1- 69.2%; Group 2- 82.1%; p<.346)

Tonya and her newborn baby are still in the hospital.

Should Tonya’s husband list the baby on the census

form? Correct answer: yes

(Group 1- 96.2%; Group 2- 100.0%; p<.481)

Joan and Tommy’s parents are divorced. Their father

keeps a room for them at his apartment, and they are
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named on his lease. They spend weekends with him.
Should Joan and Tommy’s father list them on his
census form? Correct answer: no

(Group 1- 73.1%; Group 2- 85.7%; p<.320)

Esther has a foster child assigned to her by the city.
The child has been there for 3 months, and Esther
doesn't know how long the child will stay there.
Should she list the foster child on her census form?
Correct answer: yes

{Group 1- 92.3%; Group 2- 96.4%,; p<.604)

The Wongs have a vacation home in Florida, where
they stay from January § to May 1. They then retum
to their house in Ohio. They receive a census form at
their Florida house. Should they list their names on
this form? Correct answer: no

(Group - 69.2%; Group 2- 75.0%; p<.764)
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ABSTRACT: This article applies logistic regression
models to the 1990 Post Enumeration Survey (PES) data
for California and determines the important variables to
form alternative poststratifications and raking matrices.
The person level indicator variable for capture in the
census is used as the dependent variable. This paper finds
that age/sex, race/Hispanic origin, tenure, household
composition, and- urbanicity variables are the most
important variables for forming alternative
poststratifications and raking matrices. The first order
interaction terms of significant independent variables are
found insignificant when they are input to the logistic
regression models with their main effects.

1. Introduction

For Census 2000, a major goal of the Census Bureau
is to reduce the undercount, especially the differential
undercount in different segments of the population.
Generally, undercounts tend to be higher for minorities,
especially, for Blacks, Hispanics, Asian, and nearly all
nonowners (Hogan 1993, Robinson et al. 1993). The
Bureau has been using Dual System Estimation (DSE)
(capture/recapture technique) with post-stratification to
produce Census counts at various geographical levels in
order to correct for coverage errors. The DSE assumes
that the probabilities of enumeration are the same for all
members ofthe population. The past research showed that
the probability of being enumerated in the census varies
by race, age, sex, tenure, and geographical areas, hence,
the homogeneous probabilities’ requirement for DSE is
not met. A considerable number of studies have been
conducted to provide improved estimates of persons
missed by both initial enumeration and the PES
enumeration (Hogan 1993, Alho, et al. 1993).

The authors are mathematical statisticians in the
Decennial Statistical Studies Division. This paper reports
the results of research and analysis undertaken by Census
Bureau staff. It has undergone a more limited review than
official Census Bureau Publications. This report is
released to inform interested parties of research and to
encourage discussion. The views expressed are attributed
to the authors and do not necessarily reflect those of the
Census Bureau.

Yet, a residual heterogeneity remains which may cause
correlation bias in the DSE. Alho etal. (1993) and Murly
et al. (1997) used logistic regression analysis to select
variables to reduce heterogeneity. Currently, the Bureau
is conducting rescarch on how to identify a set of
variables that will be used to form poststrata for the year
2000,

This paper conducts a preliminary research to
identify the important variables, from a set of variables
to form alternative poststratifications and raking matrices.
It is expected that this research will aid the 2000
postratification research. By applying the logistic
regression models, this paper identifies the important
variables from the 1990 PES data for California. This
research is similar to Haines and Hill (1998) study.
However, itincorporated the two-way interaction terms in
addition to main effects in the logistic regression models.
To determine the statistical significance of the variables,
itused global tests and deviance tests in additionto Wald
tests.

A literature review is presented in Section 2. Section
3 presents the methodology which includes definitions
of variables, logistic regression model, model inferences,
and variable selection techniques. The results of logistic
regression models are presented in section 4. Section 5
concludes the paper.

2. Literature Review

The Census Bureau has been using the logistic
regression modeling as an analytical tool to analyze the
effects of some geographic and demographic variables in
2 multi-variate modeling of a dichotomous dependent
variable (Alho et al. 1993, Mulry et al. 1997, Haines and
Hill 1998). Haines and Hill applied logistic regression
models on race/origin, age/sex, tenure, urbanicity,
household composition (HH comp), houschold marital
status (HH marital status), percent nonowners, mail
response rates (MRR), percent minority, vacancy rates,
household size, and relationship. Using the 1990 PES
data for California, they identified that race/origin,
age/sex, tenure, urbanicity, MRR, and relationship are

.important variables for raking matrices.

Hogan (1993) anticipated that many of the 1,392
poststrata adjustment factors would have very high
variances and suggested to form fewer poststrata for the
1990 PES data. The adjustment factors were calculated by
dividing the estimated true population by the census



count. Assuming homogeneity exists in fewer poststrata,
he regressed observed adjustment factors by poststratum
on indicator variables such as race, Hispanic origin, age,
tenure, census division, place/size category, and some
two-factor interaction terms. He forced race, age, and
tenure indicator variables in the model and the other
variables were selected using their predictive power.

Alho et al. (1993) applied the conditional logistic
regression models to the 1990 PES data for minorities to
estimate the probability of being captured in a census.
The independent variables were both continuous and
categorical. They used age, female, Black, Hispanic
origin, renter, household size, related, married, % renter,
%Black, %Hispanic, Y%amulti-unit, %vacant, four census
regions, metropolitan, and some interaction terms in their
models. The dependent variable consists of persons who
are captured only in the E-sample, only in the P-sample,
and in both E and P-samples. They excluded the
unresolved cases from the data. Their results reveal that
household size, Black, Hispanic, renter and relationship
are significant variables, in at least one of the census
regions.

Mulry et al. (1997) examined the heterogeneity of
census coverage error for small areas. Using a similar set
of variables such as used by Alho et al., Mulry et al. built
four separate logistics regression models for minorities,
non-minorities, owners, and renters.

Using the 1994 National Assessment for Educational
Progress (INAEP) data, Wallace and Rust (1996) studied
the performance of raking and poststratification. Their
estimated regression model consisted of age, race,
regions, school types, metro status, and two-way
interactions of these variables. Using a SAS regression
procedure they developed the initial models. Since SAS
procedure assumes simple random sampling, Wallace and
Rust further estimated the selected initial models by
using WesVarPC software.

3. Methodology

The methodology section comprises several
subsections. In section 3.1, the data and variables are
discussed. Sections 3.2, 3.3, 3.4, and 3.5 are on logistic
regression modeling, odds ratios, model inference, and
variable selection techniques, respectively.

3.1 Data and Variables

The study uses the 1990 PES data for California. The
PES consisted of E-sample and P-sample. The E-and P-
samples are overlapped. That is, both samples are from
the same census blocks and housing units within blocks.
The P-sample estimates the number of people missed by
the original enumeration and the E-samples estimates the

.composition 2, age/sex*urban,

number of enumerations that are erroneous. This paper
uses the resolved PES data ( i.e., E- and P-samples
matches, E-sample non-matches, and P-sample non-
matches). Alho et at. (1993) argue that logistic regression
procedures yield invalid parameter estimates if they are
fitted to unresolved data. An unresolved case may arise
due to a fictitious individual or the available information
about the person is ambiguous.

The dependent variable in the model is a person-level
indicator. It is assigned the value 1 for matched persons
between E- and P- samples and non-matched E-sample
persons, and 0 for non-matched P-sample persons.

The Bureau has been forming poststrata based on
age, sex, race/origin, tenure, census region, and
urbanization variables. Historically, itisknown thatthese
variables are good predictors of the probability of a
person being included in the census.

Following previous research, in particular, Haines
and Hill (1998), this paper applies the logistic regression
to a set of independent variables- 5 categories of
race/Hispanic origin (Non-Hispanic White and Other,
Black, Non-Black Hispanic, Asian & Pacific Islander,
and American Indians on Reservations), 7 categories of
age/sex ( under 18, 18-29 Male, 18-29 Female, 30-49
Male, 30-49 Female, 50 + Male, and 50 + Female), 2
categories of each of the following variables:
tenure(owner or renter), HH comp (easy to enumerate or
hard to enumerate), HH marital status (spousal or non-
spousal), relationship(related or not related), urbanicity
(urban ornon-urban), percent owners (low or high), MRR
(low or high), percent minority (low or high), and
household size (one or (two & more)). These variables
seem to be good predictors of the probability of a person
being included in the census.

This paper tested two definitions for household
composition and urbanicity variables. Household
composition 1 is a household level variable and
household composition 2 is a person level variable.
Urban 1 consists of all urbanized areas against non-urban
areas, Urban 2 contrasts large urban areas to all other
areas. The results reported in the paper are based on
urban 1 because urban 2 was found insignificant. Hence,
urban 1 is referred as urban for the rest of the paper.

In addition to the main effects, the following two-
factor interactions of significant main effects are also
tested: race/Hispanic*age/sex, race/Hispanic*tenure,
race/Hispanic*household composition 2,
race/Hispanic*urban, age/sex*tenure, age/sex*household
tenure*household
composition 2, tenure*urban, and household composition
2*urban. Interactions with household composition 2 are
tested only because it is found more significant then
household composition 1.




All independent variables are converted to indicator
variables. For variables with more than two categories,
the number of indicators equal to number of categories -
1; for variables with two categories, 1 indicator variable
is created.

3.2 Logistic Regression Model

The model used in this paper is a binary model. This
model is used to determine the probability of an
individual with a given set of attributes will make one
choice rather than the other.

Due to many assumptions required for the ordinary
least square method, it cannot be applied to analyze data
with binary dependent variable because (a) the
relationship between the dependent variable and the
predictors are nonlinear, (b) the error term and the
predictors are correlated, and (c) the presence of
heteroscedasticity in error term.

This study has chosen the logistic regression model
over other binary choice models because it has been used
in the Bureau’s research. This paper develops the
following logistic regression model with the situation
where the independent variables are dichotomous.

MDY= 11+ ™)

Where, 1(Y1D)= P(Y = 1|D), the probability that
the person is captured in the Census for a given set of
characteristics and 1-TI(Y]D)= P(Y=0D), the
probability that the person is not captured in the Census

for a given set of characteristics. D is a vector of
independent indicator variables that defines the

characteristics of a person. f is a set of parameters
associated with variables, Ds, and a is the intercept.

The parameters @  and fsare estimated by
applying the maximum likelthood estimation technique on
equation (1). Estimation proceeds by finding estimates
for@ and pBs that maximizes the likelihood function
(2) for the set of values y,, y;, ..., ¥, With given probability
defined by D,. n is the sample of independent
observations.

@ a.p)=I1a(p)"[i-no)]
3.3 Odds and Odds Ratios

For large samples, the parameter estimates tend to
follow a normal distribution. By substituting the
estimated parameters & and Ss inequation(1)onecan
easily calculate the probability of a person captured in the
census. Once the probability of a person being captured
is known, then the odds of that person being captured in

the census can be computed as
0= N(ND)/{1- N (¥ D)} foragiven set of characteristics,

D. The odds ratio is the ratio of the odds.
The logit transformation ofI[I(¥]D) is

nro) . . . .
log{-—-——-]_ o D)]' With the relationship expressed in

equation (1), this transformation can be expressed as an
additive function of independent variables such as
equation (3).

X
() log0 =a+) fDi+e

i=l
Where, log O is the log odds of being captured in the
census given the explanatory variables. K is the number

of independent variables included in the model. f; isthe

estimated regression coefficient of the ith independent
variable. It estimates the change in the log odds of being
in categories of interest on the response for a2 one-unit
change in the ith independent variables in the model.

3.4 Model Inferences

The statistical significance of variable(s) is assessed
using the Wald-test and deviance test. The Wald test is
computed by squaring the standard normal test when

B = 0. It is approximately distributed as chi-square.

The deviance test is the likelihood ratio statistic
comparing the reduced model to the full mode]; it is the
statistic for testing the hypothesis all parameters that are
in the full model but not in reduced model are equal to
zero. The global test is conducted to determine the
adequacy of the model.

The calculated Wald test statistics, deviance test
statistics, and global test statistics are compared with an
adjusted critical value of chi-square. The critical values of

2
z (v) aremultiplied by adesign effect (DE) toreflect

the sample design difference between PES and simple
random sampling. All models in this paper are estimated
by using the SAS PROC LOGISTIC procedure. This
procedure assumes that data is produced by simple
random sampling. For California, DE = 20.2 was used.
The DE is the ratio of the variance of the 1990 PES
undercount and the variance under simple random
sampling. For the 2000 poststratification research,
SUDAAN software will be used and SUDAAN accounts

for complex sample design.

3.5 Variable Selection Methods

This paper first determines the significance of main
effects and then tested the significance of two-factor
interactions of significant main effects. There are several



variable selection methods available. However, none of
these methods are appropriate for this study because we
forced race/Hispanic origin, age/sex, and tenure variables
in the model. Historically, these variables were found
significant and used to form poststrata. Thus, instead,
this paper used the following two variable selection
methods to select the important variables. In method 1,
age/sex, race/Hispanic origin, and tenure are always
forced in the model and the other independent variables
tested individually. Haines and Hiil (1998) used this
method to select the variables.

In method 2, we also forced age/sex, race/Hispanic
origin, and tenure variables in the model. However,
unlike method 1, in method 2, the variables which were
found significant in the previous steps were kept in the
model while testing another new variable. A variable is

considered significant if the calculated ' exceeds the
adjusted critical valuesof ,’ atleastat 10 percentlevels
of significance.

Table 1. Logistic Regression for Method 1 (Bolded Variables were Forced)

4. Results

Table 1 shows the estimated logistic regression
results which are obtained by using variable selection
method 1. Based on the results of Table 1, we find that
household composition 1, household composition 2,
urbanicity, and MRR are statistically significant.
However, household composition 2 is significant at 1
percent level, household composition 1 and urbanicity
variables are significant at 5 percent level, and MRR is
marginally significant at 10 percent level. This decision
is reached based on the Wald test statistics and deviance
tests reported on this Table. As mentioned before, the
critical values for these tests are adjusted for a design
effect =20.2. Using the Global test, one can ako
conclude that the model with household composition 2 in
presence of age/sex, race/Hispanic origin, and tenure

performs better than any other models.

Independent Variables Wald Test Odds Ratio Global Test Deviance Test
1. race, age/sex, tenure - - 725.68(11)* -

2. HH Comp 1 87.41(1)** 1.801 820.16(12)* 94.48(1)**
3. HH Comp 2 174.79(1)* 2.240 916.55(12)* 190.87(1)*
4. HH marital status 25.07(1) 1.467 751.74(12)* 26.06(1)

5. relationship 1.189(1) 0.942 726.87(12)* 1.19(1)

6. urban 91.42(1)** 2.136 805.06(12)* 79.38(1)**
7. % nonowners 4.42(1) 1.116 730.12(12)* 4.44(1)

8. mail response rates 54.10(1)**+ 0.706 778.18(12)* 52.51(1)
9. % minority 12.65(1) 0.828 738.34(12)* 12.67(1)
10. household size(HHS) | 17.36(1) 0.697 741.96(12)* 16.28(1)

Note: On all Tables *, **, and *** mean significant at 1, 5, and 10 percent levels of significance, respectively.

The odds ratios of estimated coefficients of logistic
regression models can be used to explain the odds of 2
person being captured in the census. For example, in
Table 1 (model 3), the odds ratio for easy to enumerate
persons versus hard to enumerate persons is 2.240. This
means that odds of being captured for easy to enumerate
persons are about 2.240 times larger than hard to
enumerate persons. Similarly, the odds of urban people

(model 6, Table 1) being captured in the census is 2.136
times higher than non-urban people.
Table 2 displays the odds ratios, deviance test, and

«global test statistics for logistic regression models by

using the variable selection method 2. A variable is
considered significant if its estimated test statistic is less
than a pre-specified significance level of 10 percent. The
importance of each other variable is evaluated by keeping
the previous significant tested variable(s) in the model.



Since the variable selection method 1 indicates that HH
comp 1 and HH comp 2 both are significant, two separate
models are estimated: one with HH comp 1 and another
with HH comp 2. The results are on Table 2. On this
Table, the first set of statistics corresponding to each
variable represents . the test statistics produced from
models with HH comp 1 and the second set in brackets
under the first set denotes the test statistics obtained from
models with HH comp 2. Like variable selection method
1, this method also shows that HH comp and urbanicity
variables are significant. However, HH comp 2 is more
significant than HH comp 1.

We also test whether different order of entering the
variables in the models makes any difference in results.

.The findings are similar to those of Tables 1 and 2.

Results are available from the authors upon request. Thus
based on these findings we conclude that race/origin,
age/sex, tenure, HH comp 2 and urbanicity are important
variables to form poststratification and alternative raking
matrices for California.

Next, we proceed to determine the significant two-
way interactions for significant main effects. A
significant interaction of two variables indicates that these
two variables should be cross-classified and used in the

Table 2. Logistic Regression Results for Method 2 (Bolded Variables were Forced in the Models)'

Independent Variables Wald Test Odd Ratio Global Test Deviance Test
1. race, age/sex, tenure | - . 725.68(11)*
2. HH Comp 1 87.41(1)** 1.801 820.16(12)* 94.48(1)**
3. HHComp2 174.79(1)* 2.240 916.55(12)* 190.87(1)*
4. HH martial status 5.63(1) 1.205 825.90(13)* 5.74(1)
[022)(1) [1.038] [916.769](13)* [0.22)(1)
5. relationship- 2.94(1) 0.911 823.10(13)* 2.94(1)
[5.54](1) [0.88] [922.09](13)* [5.54KD)
6. urban 98.90(1)** 2207 905.66(13)* 85.50(1)**
[102.42](1)** [2.244) [1004.97](13) [88.43](1)**
7. % nonowners 1.65(1) 1.070 907.31(14)* 1.65(1)
f2.34K1) [1.084] [1007.32](14)* [2.35K1)
8. mail response rates 30.77(1) 0.766 935.79(14)* 30.13(1)
(MRR) [28.37](1) [0.774] [1032.78](14)* [27.81](1)
9. % minority 10.96(1) 0.838 916.64(14)* 10.98(1)
[10.12)(1) [0.844] [1015.11](14)* [10.32)(1)
9. household size 25.95(1) 0.644 929.64(14)* 23.98(1)
(HHS) [21.92](1) [0.668] [1025.35](14)* (20.38)(1)

'Test statistics in the square brackets represent the test statatistics obtained from models with HH comp 2.

same dimension of a raking matrix. For example, if 6
age/sex*tenure interactions are jointly significant by
deviance test, then age/sex and tenure would lead to form
one dimension for raking by cross-classifying age/sex and
tenure. Results from interaction testing also help develop
collapsing rules for combining the variables for
poststratification. Here, we regressed the dependent
variable on age/sex, race/origin, tenure, urban, HH comp
2, and two-factor interaction terms of these main effects.

Table 3 presents the results of interaction terms with
their main effects and without the main effects. Column

3 shows that interactions are significant when main
effects are excluded from the models. On the other hand,
column 2 shows that all interaction terms are
insignificant when their main effects are included in the
models. This is an indication of high multicollinearity

between the interaction terms and their main effects. This

may also result from using DE of 20.2 to adjust for
critical values for significant tests. However, this should
not be a concern for developing poststratification scheme
for 2000.
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Table 3. Logistic Regression Results for Significant

Main Effects and Their Interaction Terms

Interaction Terms Deviance Deviance
Test Test
(includes (excludes
main main effects)
effects)
race X age/sex 47.68 (24) | 585.05(24)
race X tenure 63.02(4) 520.624(4)*
race X HH comp 2 16.51(4) 608.14(4)*
race X urban 4.98(3) 337.83(3)*
age/sex X tenure. 23.39(6) 219.40(6)**
age/sex X HHcomp2 | 1.45(4) 341.99(4)*
age/sex X urban 13.26(6) 167.98(6)*
tenure X HH comp 2 | 28.559(1) 579.269(1)*
tenure X urban 1.34(1) 321.65(1)*
HH comp 2 X urban | 2.92(1) 527.30(1)*
References
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Abstract The Bureau: of the Census will collect
information describing the industry and occupation of
jobs of individuals through a series of six questions
contained in the long form questionnaire for the 2000
Census. Industry and Occupation (I&0) coding is the
process of classifying these responses into 250 industry
and 500 occupation categories. It is laborious,
expensive, and error-prone, especially the clerical part of
the operation. The automated {&O coding system
developed for the 1990 Census was very successful. It
assigned a code about 48% of the time, thus reducing the
labor, time, and errors associated with the coding
process.

Because of the success of the 1990 automated [&O
coding system, the Census Bureau decided to use an
automated &0 coding system for the 2000 Census.
However, the 1990 system was not adaptable to the 2000
Census because of a lack of resources and lack of
sufficient research in the intervening years to improve the
system. Research on other systems and techniques
during that time showed much promise for improvement.
Approximately 20 systems were evaluated, and five
showed significant promise.

A competitive, three phase development process was
adopted for building a 2000 automated 1&0O coding
system. The five vendors that research showed had the
systems with the best potential were asked to participate.
Each phase involves development by the vendors and
independent evaluations of the systems by the Census
Bureau. At the end of the first phase, two vendors were
asked to participate in the second phase. At the end of
the second phase, one or both vendors will continue to
develop the production system for the 2000 Census. A
fourth phase is the implementation of the 2000 Census
1&O0 coding operation.

This paper describes the three phase development
process and its advantages and disadvantages, along

with an explanation of why the 1990 system was not
appropriate for 2000. The evaluation and selection
processes used for the selection of coding systems to
continue in the next phase of development will be
discussed. The results of the first phase are presented
with a short description of each of the systems. Finally,
an evaluation of the current state of the development is
given.

Introduction For the 2000 Census, the Census
Bureau (BOC) will collect information describing the
industry and occupation of jobs of individuals through a
series of six questions contained on the long-form
questionnaire. The process of classifying these responses
is called industry and occupation (I&0) coding. The
clerical part of the I&0O coding operation is laborious,
expensive, and error-prone, so automated 1&O coding
was introduced for the 1990 Census. The automated 1&O
coding system (AIOCS) developed for the 1990 Census
was very successful. The productivity of AIOCS during
the 1990 Census processing was 58% for industry and
38% for occupation at estimated error rates of 6% and
11%, respectively. This capability reduced the labor,
time, and errors associated with the coding process.

Because of the success of an integrated coding system,
AIOCS and a computer-assisted clerical coder, the BOC
decided to use this approach again for the 2000 Census.
However, the decision was made not to resurrect AIOCS
because of a lack of resources and insufficient research in
the intervening years. Evaluations of other systems and
techniques during that time showed much promise for
improvement. Approximately 20 systems were evaluated,
and five showed significant promise.

A competitive, three phase development process was
adopted for building a 2000 automated 1&O coding
system. The phases require development and evaluations
by the vendors, independent evaluations by the BOC,
development of new test files, and desigming the 2000
180 coding structure and indexes. The five vendors who
had the best systems were asked to participate in the first

! This paper reports the results of research and analysis undertaken by Census Bureau staff [t has undergone a more
limited review than official Census Bureau Publicantons. This report 1s released to inform interested parties of research and 1o

encourage discussion.
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phase. At the end of the first phase, two vendors were
asked to participate in the second phase. At the end of
the second phase, one or both vendors will continue to
develop the production system for the 2000 Census. A
fourth phase is the implementation of the 2000 Census
1&0O coding operation.

This paper describes the reasons the BOC chose to
develop the 2000 Census automated I&O coding system
using outside vendors in a competitive, multi-phase
development. Included is an explanation of why AIOCS
was not appropriate for use in the 2000 Census. The
three development phases are described briefly, the
criteria for selecting the two systems to participate in
Phase 2 of the development are given, and the evaluation
technique used to measure the effectiveness of automated
coding systems is described,, The results of the
evaluations of the five systems in Phase 1 are presented,
a brief description of the systems is given, and reasons
two of the systems did test are offered. Finally, a brief
summary of the current state of the development is
provided.

Background AIOCS was developed by the BOC
(Appel and Hellerman, 1983; Appel and Scopp, 1987) for
the 1990 Decennial Census and was declared a success
(Scopp and Tornell, 1991). Many factors were involved,
but the most important were careful planning and
adequate time and funding for the project. This need was
recognized early in the 1990 development process.

Unfortunately, it was not possible to use AIOCS for the
2000 Census. For each decennial census, a new [&0O
coding structure is developed to conform with changes to
labor force characteristics and changes in the standard
industrial and occupational classification structures. The
2000 industry codes will be based on the new North
American Industrial Classification System (NAICS) and
the 2000 occupation codes on the vastly updated Standard
Occupational Classification (SOC). Much experience,
time, and expense are necessary to translate the software
and databases in AIOCS to the 2000 Census 1&0O coding
structures and to update the software and databases to
conform with new labor force characteristics. The BOC
did not have the time and resources available as they had
during the 1990 Census development cycle.

Following the 1990 Census, the BOC conducted research
into alternative methods of automated 1&0O coding. First,
improving the capability of AIOCS was attempted. This
was mildly successful (Giliman and Appel, 1993). Then,
an experiment was conducted with Thinking Machines
Corp., a previous producer of high-end parallel
computers. This was very successful, showing marked

increases in productivity for both industry and occupation
coding (Creecy er al, 1992; Speizer and Buckley, 1998).
However, the company wrote the software in a
proprietary language which could not be maintained by
the BOC, and the results were never independently
verified. The coding technique employed memory-based
reasoning (Creecy et al, 1992) and was a sharp departure
from the artificial intelligence methods (Appel and
Hellerman, 1983; Appel and Scopp, 1987) employed in
AIOCS.

After this, the BOC began looking at alternative coding
techniques used by different organizations around the
world. About 20 different systems were considered and
evaluated using public-use versions of the evaluation
databases that were created for the 1990 development. Of
these, the BOC identified five systems which seemed the
most promising for developing an automated 1&O coder
for the 2000 Census. Each of these five systems
represented a different technique for performing the
coding task, and there were reasons to believe each one
could succeed.

Description of Systems The following
contains the name of the developer, the country from
which the developer comes, the name of the system, and
a short description of each of the five systems evaluated
in Phase 1.

Inference Group (Australia) - Precision Data. This is a
fully automated batch and computer assisted coding
system. Itis thesaurus based, using natural tanguage text
analysis. The system has many parameters which make
it easy to change the acceptance criteria for coding.

INSEE (France) - SICORE has been under development
since 1992 (Riviere, 1994). It is based on the old QUID
system (Lorigny, 1988), developed in the early to mid
1980s. QUID uses information theory along with a tree
structure of bigrams (2 letter sequences) of the words in
a test file to associate codes with text. Using this tree,
information is revealed in a step-by-step fashion; the
codes can be determined with partial information. INSEE
claims this approach is superior to key word searches,
distance measures, and natural language techniques.
They have done extensive research to determine which
bigrams are most effective in identifying words or codes
with their tree. They have done this in both English and
French.

National Occupational Safety and Health (NIOSH)
(U.S.) - The standard Occupation and Industry Coder
(SOIC). This system is composed of three sections: a
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rules based artificial intelligence system, an exact match
section, and a section based on probabilistic measures to
assign a code. The system was originally developed to
code death certificates.

Statistics Canada (Cnanda) - ACTR {Automated Coding
by Text Recognition). This is a generalized automated
coding system. It can be tailored to fit a variety of
automated coding tasks. The software uses a dictionary
of phrases, variable input text parsing strategies, and
spelling correctors. Its main limitations are that it
currently codes single field entries and does best with
very short (one or two words) responses.

Wise Enterprises (U.S.) - Dataware Engineering. This
system uses a proprietary database to encrypt and
compress data. The system uses nearest neighbor
searches to rapidly retrieve data. The system can classify
to any coding structure for which there is suitable data to
train it. The "engine” which drives the coder is
commercially available, but the coder is not.

Multi-Phase Approach The BOC developed
a four-phase approach for developing and implementing
the 1&O coding autocoder system for the 2000 Census.
The phases are:

Phase 1: (11/15/97 to 05/31/98) - Develop and test five
prototypes using 1990 coding structures and evaluation
files.

Phase 2: (08/01/98 to 01/31/00) - Develop and test two
production-ready systems. Modify autocoders to classify
responses to year 2000 I&O codes and to meet decennial
census production input, output, and quality assurance
(QA) requirements. Performn autocoder tests and
improvements, including testing interactive software
between the automated and computer-assisted clerical
coding systems.

Phase 3: (02/2000 to 04/2000) - Select production
system. Integrate autocoder to meet decennial census
production input, output, and QA requirements. Perform
final production testing and improvements including
updating of new industry and occupation phrases,
synonyms, abbreviations and improving coder
pertormance from initial decennial responses.

Phase 4:{05/2000 to 03/2001). 2000 Census [&O coding
operation.

Selection Criteria  The criteria for selecting the
vendors to participate in subsequent phases are mainly the

industry and occupation production rates (see Evaluation
section below) determined at the target match rates (the
minimum acceptable match rate for each code category)
of .90 and .87, respectively, using the 1990 Validation
File, The better the rates, the better the system.
However, if these rates don't differentiate the systems
adequately, then speed of the system, price for
development, ease of integration and use, and robustness
in a network environment are used to help make a
decision.

Phase 1 is now complete, the two vendors were selected
to participate in Phase 2, and Phase 2 is under way and on
schedule. The selection of the two vendors to participate
in Phase 2 was easy. The production rate analysis (see
Results section below) showed that two systems clearly
outperformed the others. Since higher production rates
mean less work for the clerks, improved accuracy, and
less money spent for the I&O coding operation, the BOC
felt the vendors with the two most productive systems had
the best chance to build the best systems over time.

Evaluation Each system was evaluated using the
same technique employed for AIOCS in the 1990 Census.
BOC analyzed the results of coding the 1990 Validation
File. The 1990 Validation File was given to the system
developers without the “truth” codes. The developers
coded it with their systems, and the results were sent back
to the BOC for analysis.

The analytical technique, called the cutoff score method
(Chen, Creecy, and Appel, 1993), estimates productivity
by controlling errors for each code category. If the
estimated error rate is below a certain level for each code
category, then it is below that level over all. If the error
rate is measured globally only, then no one is sure if the
errors are spread across the code categories or clustered
in a few. Provided the overall error rate stays the same,
errors clustered in a few code categories render those
categories much less useful.

When a system assigns a code to a case, it does so on the
basis of a score, which is an estimate of the probability
the assigned code is correct. An acceptable code is one
where the score is above the cutoff score for that code
category. The cutoff scores are estimated by using a
“truth” set such as the 1990 Validation File.

The productivity for each system (caiculated for industry
and occupation independently) was estimated using six

2 1990 Validation File contains 150 triply coded cases per code
category from the 1990 Post Enumeranion Survey.
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target match rates: 0.86, 0.87, 0.88, 0.90, 0.92, and 0.94.
The productivity is the fraction of cases receiving
acceptable codes divided by the total number of cases.
The target match rate is the minimum acceptable match
rate for each code category. The match rate is the
fraction of cases with acceptable and correct codes
divided by the number of cases with acceptable codes.
The match rate is important in comparing systems where
the productivity is the same for a given target match rate.

Some cases in the 1990 Validation File don'thave “truth™
assigned for both industry and occupation. This is an
artifact of the way the sample of cases in the file was
generated. As aresult, estimates of productivity using the
entire file are probably too low. On the other hand, if the
non-coded case are removed from the analysis, then the
estimates of productivity are probably too high. This is
due to the under-representation of cases that can’t be
coded. Therefore, both sets of estimates are presented to
provide upper and lower bounds for productivity.

So, the analysis contains two sets of results. The first
analysis contains the estimates of productivity and match
rates for industry and occupation for the six target match
rates for each of the five vendors based on the full 1990
Validation File. The other modified analysis contains the
same estimates based on the 1990 Validation File with the
non-coded cases removed, i.e. the non-coded industry

Table A: Industry Production Rates

cases were removed for the industry analyses and the
non-coded occupation cases were removed for the
occupation analyses.

Results The 1990 Census autocoder, AIOCS,
performed at 58% productivity based on a target match
rate of 90% for industry and 38% productivity based on
a target match rate of 87% for occupation. The Phase 1
evaluation results of the full 1990 Validation File show
that none of the five systems perform at these benchmark
levels for both industry and occupation coding. However,
the systems from NIOSH and Wise Enterprises exceeded
the occupation benchmark using the modified analysis.

The four tables (A-D) below show the results of coding
the 1990 Validation file. The first two tables (A,B)
contain the analysis of the full 1990 Validation File
(69207 cases). The last tables (C,D) contain the analysis
for the modified 1990 Validation File, i.e. the file
containing just the cases with “truth” codes assigned
(64617 cases for industry and 62218 cases for
occupation). The columns showing the results for
NIOSH and Wise Enterprises are highlighted.
Additionally, the target match rate values 0€0.90and 0.87
are highlighted for industry and occupation, respectively.
Note: TMR stands for Target Match Rate.

TMR Inference INSEE NIOSH Stat Can Wise
.86 239 340 494 183 465

.87 231 322 477 164 441

.88 .208 .301 457 158 425
4290 176 .266 418 .146 380
.92 .154 233 339 091 339

.94 127 .203 .265 .054 .260

Table A shows that the industry production by NIOSH
and Wise Enterprises were first and second for all target
match rates as a result of coding the full 1990 Validation

File. However, the production rates for the 0.90 target
were below the 1990 AIOCS benchmark.

Table B: Occupation Production Rates:

TMR Inference INSEE NIOSH Stat Can Wise
.86 123 .288 340 153 341
2 116 277 327 .141 328
.88 .106 .266 312 130 317
.80 095 .235 281 115 284

.92 074 .204 255 .092 244

.94 .064 .150 218 .080 .166




Table B shows that the occupation production by NIOSH

and Wise Enterprises were first and second for all target

match rates as a result of coding the full 1990 Validation

Table C: Industry Production Rates:

File. However, the production rates for the 0.87 target
were below the 1990 AIOCS benchmark.

TMR Inference INSEE __NIOSH Stat Can Wise
.86 .285 .394 575 251 542
.87 275 .388 554 209 519
.38 257 372 .535 203 504

202 .304 ARG - . 171 446
.92 172 276 433 N .139 .393
.94 .148 234 350 082 .355

Table C shows that the industry production by NIOSH
and Wise Enterprises were first and second for all target
match rates as a result of coding the modified

Table D: Occupation Production Rates:

1990 Validation File. However, the production rates for
the 0.90 target were below the 1990 AIOCS benchmark.

TMR Inference INSEE NIOSH - . Stat Can Wise
.86 .162 354 425 s .208 408
) .150 348 R4 1048 200 REEE306%
.88 .149 333 .390 176 383
.80 124 .305 364 .148 361
.92 104 .269 324 132 327
.94 .080 211 .286 .108 264

Table D shows that the occupation production by NIOSH
and Wise Enterprises were first and second for all target
match rates as a result of coding the modified 1990
Validation File. Note that the production rates for the
0.87 target were above the 1990 AIOCS benchmark.
These values are further highlighted in the table.

AIOCS was able to code cases at a speed of 10 cases per
cpu second. All five systems exceeded that speed.
Because computer hardware processing speed has
improved so much in the past ten years, this result is not
a surprise.

All the vendors indicated in their final reports that they
can improve productivity given more time. The six
months duration of Phase 1 was very short. There is
every expectation that the vendors can improve their
systems substantially. All have identified specific
problems they can solve to make these improvements.

Recommendation The results of the
analyses of Phase 1 results show that NIOSH and Wise
Enterprises appear to have the best systems for 1&0O
coding, based on measuring production rates tuned to
certain target match rates. The evaluation test file was

analyzed in two ways, resulting in two sets of rates for
each system. (See Evaluation and Results sections for
details.) Based on these results, the systems from NIOSH
and Wise were approved for selection for Phase 2.

Other criteria were looked at, but the fact that NTOSH and
Wise were clearly better than the other three systems
made the choice simple. Costs, especially for on-site
development and services, were considered, but all
vendors submitted similar cost estimates for Phase 2.
Speed of the systems was analyzed, but all them
substantially exceeded the AIOCS benchmark of 10 cases
per cpu second. Finally, ease of integration into the
planned Census processing system was considered.
NIOSH and Wise both provided systems that were easily
integratable.

The BOC planned to use the additional criteria if the two
best systems could not be determined by the production

rates alone. However, as the tables show, this was notthe
case.

The allotted time for Phase | presented numerous
difficulties for the vendors. Six months was a short time
to develop prototypes that would adequately demonstrate
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the capabilities of the systems, but the budget and time
constraints placed on the development process made it
impossible to expand the schedule. Importantly, each
vendor had the same amount of time, and each devoted
the resources they thought were necessary to accomplish
the task from the beginning. If this process is adopted for
future automated coding operations, more time will be
needed for each of the phases. AIOCS was under
development from the early 1980% through the fall of
1990.

NIOSH and Wise both had previous experience with the
1990 I&0O coding structures. NIOSH is building a
general purpose automnated I&O coder for death
certificate coding. This system will be used by the states
and the federal government. Wise performed some work
in the mid-90’s building simple coding prototypes for the
BOC. However, Inference Group had the same
opportunity with the same data that was given to Wise,
but they did not submit I&O coding results for analysis.
Statistics Canada and INSEE, national statistical agencies
for Canada and France, have had vast experience with
automated coding, and each has built many successful
coding applications with their software systems.

Conclusion Given the limited time and resources
available to automated [&O coding development since the
1990 Census, the BOC decided to hire vendors to build
the system for the 2000 Census. Research since the 1990
Census showed there are several competing algorithms
that could be successfully applied to the I&O coding
problem. So, a three phase development plan was
implemented.

Five vendors were asked to participate in the first phase
of development. Each vendor uses a different algorithm
for coding. Phase 1 is now complete, and two vendors
were selected to participate in Phase 2. Phase 2 is under
way and on schedule. Preliminary results of Phase 2
indicate the vendors are improving their coding rates
monthly. Progress is slow, but the BOC anticipates that
one or both of the vendors will exceed the production
rates AIOCS achieved in the 1990 Census.

The success of this approach points to a new way

statistical offices can improve specialized statistical
computing software such as for automated coding.
Expert design and programming skills are hard to retain
in the current job market. It is probably cheaper and more
effective to build specialized systems “outside™ the
agency.
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SERVICE BASED ENUMERATION ESTIMATION
'Felipe Kohn and Richard Griffin
Felipe Kohn, Bureau of the Census, Washington DC 20233

Key Word: Multiplicity Estimator
I. Introduction

The Census Bureau established the Service Based
Enumeration (SBE) program as the statistical program
designed to include persons without usual residence that
use service facilities (shelter, soup kitchen or mobile food
vans). Those persons are not covered by regular Census
Bureau procedures for households or persons in group
quarters.

The proposed methodology for the SBE estimation for
the 2000 Census is the Multiplicity estimator that is based
on the number of times the respondent uses the secvice
facilities.

In this paper we present several multiplicity estimators
based on the usage question for service facilities.

II. Estimators - All estimators assume the unduplication
of questionnaires has been completed.

Shelter Only Estimator

The enumeration is done only at shelters. The
respondents are asked “Including today, how many days
in the past seven days have you stayed in a shelter?”
Thus, the estimator is obtained as follows:

Ra= z 7/A:,where
(]

A i = shelter usage response for the

. i-threspondent and a is the number of respondents

B. Soup Kitchen Estimator

]
The enumeration is done only at soup kitchens. The
respondents are asked “Including today how many days
in the past seven days did you eat in a soup kitchen?”
Thus, the estimator is obtained as follows:

m
R =) 7/Biwhere,
1=l
B, is the number of days the i-th respondent ate a meal in
a soup kitchen and m is the number of respondents.

C. Combined Estimator

The enumeratién is done in both service facilities. The
estimator is based on the average of the shelter estimator
and soup kitchen estimator.

Thus, this estimator is obtained as follows:

Xeoms w( Xsh+ Xsk) 12

D. Optimal Estimator

This estimator is the optimal combination (minimum
variance) of the shelter and soup kitchen estimators. Itis
obtained by the following expression:

X‘ = Wopti:h + (1 -Wapl) XA:k where,
Var(Xs)
Var(Xa) +Var(Xa)

Wopr =

E. 1995 Type Estimator

The 1995 Census Test used 2 SBE questionnaire that

asked the following question: “How many days during the
past week did you use a shelter, soup kitchen or mobile
food van?” These questions were asked of all persons at
the shelters on the selected day and all persons
enumerated in soup kitchens or mobile food vans on the
next day. The multiplicity estimator is as follows:

lFe]ipc Kohn and Richard Griffin are mathematical statisticians in the Decennial Statistical Studies
Division of the U.S. Census Bureau, The views expressed are attributable to the authors and do not necessarily

Mact those of the Census Bureau.



h

n
Yiggs = z 7] Zi where, nis the total number of
i=|
persons enumerated in a shelter on the selected day and/or
a soup kitchen or mobile food van on the next day and Z;
is the number of days a week person i uses a shelter, soup
kitchen, or mobile food van.

F. Census Dress Rehearsal Estimator

All persons at a shelter on the selected day are asked
“How many days a week including today did you use a
shelter?”, All persons using a soup kitchen or mobile
food van on the next day are asked the same question
about soup kitchen or mobile food van usage. They are
asked “How many days during the past weck did you
receive a2 meal from a soup kitchen or mobile food van?”.
A person enumerated on both occasions is counted once
based on his/her shelter usage. The multiplicity estimator
is as follows:

XDR_Z7/A.+Z7/Bf

i=l 1=l

where n is the number of persons enumerated at a shelter
on the selected day , m is the number of persons
enumerated in a soup kitchen or mobile food van the next

1y who did not use a shelter during the past week, A;is

.e number of days in the past seven days personiusesa
shelter and B, is the number of days in the past week (for
those who did not use a shelter) person i received 2 meal
from a soup kitchen or mobile food van.

II. Hypothetical Populations

The persons without usual residence are very transient, by
definition. Weather conditions, disposable income,
number of service facilitics in the area among other
factors make it difficult to include some of them in any
type of enumeration. In order to take this factor into
consideration two pseudo-populations are considered for
this study:

For the first four estimators we assume a population of
persons without usual residence of 2,500 persons with at
least ten percent of thern not using services (and thus
never enumerated). For the last two estimators we
consider a pseudo-population of 3,000 persons with at
least 250 never found in a shelter or 2 soup kitchen and
an additional 500 who are never in a shelter but do eat
meals in soup kitchens.

~

IV. Cepture Probabilities

Persons without usual residence use service facilities
(shelters and soup kitchens) depending on factors such as
weather (in rough weather the population in the shelters
increases while in mild weather the population in the
shelters decreases), income ( for example a veteran of the
armed forces will not eat in a soup kitchen while he still
has money from the VA and will eat in the soup kitchen
when his money runs out). Thus, the enumeration of
persons without usual residence at a given time varies
greatly by the type of service facility (shelter or soup
kitchen). To take this factor in consideration, we consider
three sets of capture probabilities. For each set the
pscudo-populations (3,000 persons and 2,500 persons)
are randomly generated using these probabilities (except
for persons designated to never use a type of service)
assuming independence over days and persons; thus, for
each person in the pseudo-population we generate a
random number (between 0 and 1) foreach dayin a week
for the shelter usage and a random number for each day
in a week for the soup kitchen usage. If the generated
random numnber on 2 given day is less than the set capture
probability the person is designated as using the service
facility that day. Three sets of capture probabilities are
considered (2 new set of random numbers is generated for
each set of capture probabilities):

A. 50% probability of using a shelter and 50% probability

of using a soup kitchen.
B. 50% probability of using a shelter and 25% probability

of using a soup kitchen.
C. 25% probability of using a shelter and 50% probability

of using a soup kitchen.
V. Statistical Criteria

A. The selected statistic to compare the estimates is the
relative root mean square error defined by the following

expression:

RRMSE = YMSEX)

with X equal to the true population size and

MSEX) = Bias(X)? + Var(X)



B. Variance Estimation

f The methodology for determining the variance for all the

multiplicity estimates presented in this paper was derived
by Pat Cantwell of the Census Bureau and is as follows:
Divide the target population into eight groups: G, _ G, of
sizes Ny,...,N; where the N;'s are the number of persons
who use a shelter (soup kitchen) i days in a week.
Assume that the days a person uses a shelter (soup
kitchen) are selected randomly given the number of days
a week he/she uses a shelter.

N is the total target population. On the selected
enumeration day n, out of N, use a shelter for i=l,...,7

with each n, distributed as a binomial random variable
with parameters N,and if7.

The multiplicity estimator can be written as

E(N!{No,...,N1})=N-No under our

f-\ isurnptions and the variance is as follows:

. 7
Var(N) = D (T1)X N/ TH(1=ilT)

i=l

7 .
=D Ni(F)

This binomial model allows for variation in which
persons are at a shelter on the enumeration day and fixes
the partition of the population into N, N,,....N;. For this
model the variance can easily be calculated allowing the
N, values to vary. A more detailed description of this less
restricted variance can be read in the paper presented at
this session by Roger Shores of the Census Bureau.

VL Results

A.. Tables 1-3 below shows the results of our simulations
for the estimators based on a pseudo-population of 2,500.

o~

Table 1: Estimators with Capture Probabilities of
P=.5 for Shelters and Q=.5 for Soup Kitchens

Estirnator Estimate Varlance cv RRMSE
Shelter Ouly 2235 3008.7 245% 10.830%
Soup Kitchea 2237 3194.9 2.52% 10.76%
Combined 2236 1550.9 1.76% 10.67%
Opdmal 2236.28 1549.51 1.76% 10.64%

Table 2: Estimators with Capture Probabilities of
P=.5 for Shelters and Q=.25 for Soup Kitchens

Estimator Estmate Variance cv RRMSE

Shelter 223 3109 2.350% | 1130%
Only :

Soup 1938 6360 4.12% | 22.82%
Kitchen

Combined 2079 2367.42 24% | 16.95%

Optimal 2205.81 2088.51 207% | 119%

Table 3: Estimators with Capture Probabilities of
P=25 for Shelters and Q=.5 for Soup Kitchens

Estimator Esumate Variance C.v. RRMSE
Shelter Only 2250 98033 1.39% 10.09%
Soup Kitchen 2234 3127.21 23% 10.87%
Combined 242 1026.9 1.42% 10.39%
Optimal 224628 746.38 1.21% 10.21%




B. Table 4 below, shows the statistics of the simulation
for the second pseudo-population.

Table 4: Statistics for the 95 Test and 2000 Dress
Rehearsal Estimators

Estim. Prob Est Var CV. RRMSE

2000 P=S QuS 2747 ] 3949.75 | 2.28% | 8.70%

Dress

Reher. P=S Qu25 2664 | 4812 2.60% 11.43%
P=25QwS$S 2747 | 172658 | 3.06% | 8.833%

95 P2SQ=S" 2747 | 168532 | 1.49% | 8.54%

Census

Test PuS Qu.2$ 26564 | 324655 | L13% 11.51%
Pm25 QuS 747 | 112658 | 1L.22% | 8.61%

C. In table 5 we present results of the SBE estimation
from the 2000 Census Dress Rehearsal in Sacramento and
in Columbia , S.C. It is important to note that in
Columbia we did not do any estimation but since all the
questionnaires and field procedures were identical to their
counterparts in Sacramento, we applied the estimation
procedures for research purposes ouly.

’/\

~ able 5: Results from the 2000 Census Dress
Rehearsal

Site Persons eaurnerated Estimate
Shelter 5%

Sacramento 2443
Soup Kitchen 500
Shelter 254

Columbia 833
Soup Kitchen 187

VII. Analysis

In all the estimators the relative mean square error is
relatively large (in comparison with the coefficient of
variation). The reason for this is the considerable aumber
of persons without usual residence to whom we gave a
zero probability of using service facilities.

The shelter only estimator or the soup kitchen only
estimator worked fine provided that most of the persons
without usual residence use that type of facility. -
However, based on the results of the 2000 Census Dress
Rehearsal, many persons may use soup kitchens but not
shelters or shelters but not soup kitchens. A large number
of the persons enumerated in soup kitchens answered that -
they did not use a shelter in the past week (for example
80% of those enumerated in soup kitchens in Sacramento
answered that they did not use shelters in the past week).

Comparing the numbers between the 95 test estimator and
the 2000 Census Dress rehearsal estimator, the Cvs and
the RRMSEs from the 95 Test estimator produce slightly
smaller values than their counterpart of the Dress
Rehearsal estimator . The main difference between these
two estimators is likely the response bias (not considered
in this paper) in the 99 test estimator. For example, ifa
respondent has eaten three days in a soup kitchen and
slept in a shelter the same three days, the correct answer
to the 95 test question is three days but he or she may
answer six. Considering all these estimators froma totat
error point of view, we feel that the 2000 Dress Rehearsal
estimator is best and it is proposed for Census 2000.
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L Introduction
The U.S. Census Bureau conducted the Census 2000

Dress Rehearsal (DR) in 1998 in Sacramento, CA;
Menominee, WI; and Columbia, SC and surrounding
counties. In the Columbia site we used components of a
traditional census methodology which included a post-
enumeration survey (PES). The DR PES was similar in
design to the Integrated Coverage Measurement (ICM)
Survey used in the Sacramento and Menominee sites
where a sampling census methodology was employed.
As with any census or survey, missing data was
encountered throughout the process. This paper gives a
brief overview of census operations including the initial
phase, the ICM/PES, and the estimation methodology and
the levels of missing data encountered.

II. Imitial Phase
A. Operations
The Initial Phase operations included creating a list of the
ddresses in the three sites; an enumeration of
aouseholds, group quarters and persons without a usual
residence; followup for nonresponse; and the data
capture. In each site, people in all residential addresses
were given an opportunity to mail back a questionnaire.
Those who did not mail back a questionnaire by the
cutoff date were included in nonresponse followup
(NRFU). Traditionally, enumerators are sent out to all
nonresponding households, but sampling for NRFU was
done in Sacramento for blocks not selected in the ICM
sample. All nonresponding housing units (HUs) in ICM
blocks were followed up in the field {1]. This paper
discusses data collected by the nonresponse followup
enumerators but does not include estimation of
nonsampled nonrespondents [2].

B. Missing Data Procedures
Even after completion of NRFU, sample or otherwise,
census questionnaires may still have missing data.

This paper reports the results of research and anatysis undertaken by
Census Burcau staff. It has undergone a more limited review than
official Census Burcau publicadons. This report is released to inform

/-\imcmstcd parties of research and to encourage discussion.
A

A questionnaire may not have enough information to
determine whether or not the HU is occupied. These are
defined to be unclassified returns. Unclassifieds were
included in NRFU estimation and thus are not discussed
here. The methodology in [2] includes estimation for
unclassifieds.

Classified returns must have at least a HU status
(occupied, vacant, or delete from the universe) and, if the
HU is occupied, the number of persons in the houschold.
Other questionnaires may be complete except for a few
questions, referred to as itern nonresponse. In addition,
as part of the data processing, the questionnaire responses
are subject to edits which may result in a response being
changed. The assignment of values to complete the
questionnaire is called allocation. The allocation
procedures used include the following: 1) determination
of an appropriate response based on other reported data
(such as calculating age from date of birth); 2)
assignment of a value based on characteristics of people
with similar values for related characteristics (hot deck
imputation); and 3) complete substitution of data for a
person or all people in a household from a nearby person
or houschold.

If the amount of data provided for an individual is
sufficient, then the person is coded as data defined. For
the Dress Rehearsal, a person in a HU had to have at least
two of the following characteristics to be considered data
defined: name, relationship, sex, date of birth or age,
Hispanic origin, or race. One or more persons in a
household may not be data defined. If all persons in a
HU are not data defined then the whole household is
substituted [3].

C. Results

1. Allocation

Allocation percentages are provided in Tables 1-3 by DR
site for all people (includes persons in HUs, persons in
group quarters, and persons without a usual residence).

Allocation percentages for sex are relatively low and
assignment of values was often based upon reported data.
The percentages range from 5.0 for South Carolina to 7.1
in Menominee. There is little difference in the
percentages across each of the three sites.

The age allocation percentages are quite high, but age
could often be determined from reported data



(particularly, date of birth). The percentages range from
254 for Sacramento to 41.4 for Menominee but,
excluding cases where age was calculated from date of
birth, the percentages range from 6.7 for South Carolina
to 8.7 for Sacramento. Since age is used only in
groupings for estimation, any methodology that is
reasonable should have minimal impact on estimation.
There is little difference in the latter percentages across
the three sites. '

The Hispanic Origin allocation percentages range from
8.9 for South Carolina to 10.4 percent for Menominee.
However, this allocation is not just for
Hispanic/NonHispanic but also includes type of Hispanic.
These percentages are also similar for each site.

Race allocation percentages for all people range from 4.6
for South Carolina to 10.2 for Sacramento. The race
allocation percentages are particularly high for the
Sacramento Hispanic poststratum. They run from 25 to
30 percent. However, since the poststratum assignment
is dictated by the Hispanic origin item, this would not
affect estimation.

2. Data Defined Percentages

Percentages of non-data defined persons are provided in
Table 4 by DR site for all people. The total percentages
-ange from 3.4 for South Carolina to 5.4 in Menominee.
One or more people in a household may be non-data
defined (within houschold) or all people in a household
may be non-data defined (whole household). Of these
two types, the within houschold percentage is higher in
Sacramento and Menominee while the percentages of
within household and whole houschold are the same in
South Carolina.

Data defined percentages are provided in Tables 5-7 by
poststratum race and DR site for all people. The "Non-
Data Defined: Imputed” columns include non-data
defined persons within households. The "Non-Data
Defined: Substituted” columns include persons in whole
household substitutions. Comparisons of the data defined
percentages with the substituted percentages provide a
measure of the results for the whole housechold
substitutions while comparisons of the data defined and
total percentages provide an indication of the overall
effect of the whole person and whole household
imputations or substitutions.

Overall, the largest percentage point differences were
seen in South Carolina where 57.3 percent of data defined
people are White/Other while only 46.1 percent of

/77 ~persons in whole houschold substitutions were

White/Other with corresponding balancing changes inthe
percent Black. However, since only 1.7 percent of all
people were allocated via whole household substitutions,
the differences between the total and data defined person
percentages of White/Other and Black are 0.6 percentage
points.

Shifts in the distributions between data defined and whole
household substituted people are also seen in Sacramento
and Menominee. In Sacramento, there is a decrease in
the percentage White/Other and Asian with increases in
percent Black and Hispanic for the substituted people.
For Menominee, there is a decrease in the percentage
American Indian with an increase in percent White/Other
and Hispanic.

The impact of the somewhat skewed racial distributions
of the substituted persons has minor impact on the site-
level racial distributions. However, the impact could be
pronounced at smaller geographic levels.

D. Conclusions

In general, the missing data procedures for the initial
phase should not have a significant effect on the site-level
estimation. Further research is needed to investigate the
effect at smaller geographic levels.

m. ICM/PES

A. Sample Design

The Dual System Estimation (DSE) methodology used in
the DR to measure and account for coverage error
requires a second, independent enumeration of persons.
All addresses in blocks selected for inclusion in the
ICM/PES were included in an address listing separate
from the census address listing. A cluster sample of HUs
was taken from groups of blocks formed for the
ICM/PES [4]. Large and small block clusters were
subsampled at varying rates to balance field work
concerns with sample size considerations. A total of
1,085 block clusters containing 34,890 HUs were
included in sample for the DR ICM/PES. This sample is
called the P-Sample. The results from the initial phase in
these same block clusters are used in conjunction with the
P-Sample, and is referred to as the enumeration or E-
Sample.

B. Data Collection and Processing

Enumerators were sent to the clusters in sample. The
HUs listed in these clusters during the independent listing
made up the P-Sample. The initial phase HUs in the
same clusters made up the E-Sample. The P and E-
Sample persons went through a matching process to
determine whether the P-Sample persons were residents



on census day and whether they match to the E-Sample.
For E-Sample persons it was determined whether they
were correctly or erroneously enumerated in the initial

phase of the census [5].

C. Missing Data Procedures

1. Overview

The ICM/PES missing datasystem was independent from
initial phase missing data procedures and accounted for
noninterviews and imputed missing responses. The
ICMV/PES missing datasystem alsocalculated aresidence
probability (for persons with an unresolved residence
status) and a match probability (for those persons with an
unresolved match status) [6].

2. Whole Household Noninterviews

The ICM/PES missing data system accounted for whole
household nonintérviews (NIs) in the P-Sample with a
NI adjustment. This NI adjustment proportionally
redistributed the P-Sample weights of the noninterviewed
HUs to the interviewed HUs within block cluster and
Type of Basic Street Address.

3. P-Sample Person Characteristic Imputation

The DSE methodology used in the DR required each
person in the P-Sample to have sufficient data to be
placed in a poststratum. The variables eligible for
imputation for P-sample people were race, Hispanic
origin, sex, tenure, and age. In the following discussion,
" the term "previous” refers to a household processed prior
to the one in question. Missing tenure was imputed from
the closest previous household having the same TOBA.
Missing race was imputed from the race distribution
within the household. If everyone in the household had
a missing value of race, then the nearest previous
household, having similar Hispanic origin was used.
Hispanic origin was imputed analogously to race.
Missing age was imputed from the distribution of age for
persons with a similar relationship to, and age of, the
reference person. Missing age for single person
households was imputed from the age distribution within
all single person households. Missing sex was imputed
to be the opposite of the spouse’s (with spouse present).
In households where there was a reference person and a
spouse, and both had missing sex, the reference person’s
sex was imputed from the sex distribution for persons in
households where their spouse was present. The spouse’s
missing sex was then imputed to be the opposite of the
reference person’s. For all other persons with missing
sex, the sex distribution within similar households was
used to impute sex for the reference person (6],

4. E-Sample Enumeration Status

The DSE methodology requires that all E-Sample
persons be classified as either correctly or emroneously
enumerated. E-Sample people with an unresolved
enumeration status were assigned a probability of being
correctly enumerated in the census. This probability
was computed within DR site and before-follow-up
match code group as the simple weighted proportion of
correct enumerations (among those persons with a
resolved final enumeration status).

D. Estimation Methodology

The person matching results are used in calculating the
DSE:s for each of the 84 poststrata (6 Race x 7 Age/Sex
% 2 Tenure) in each DR site. The DSEs are then placed
into a two dimensional matrix (Race by Age/Sex x
Tenure). These cell counts are summed to form the
marginal constraints. The initial phase estimates for each
poststrata were placed in the interior cells of the matrix
and the iterative proportional fitting methodology,
commonly referred to as raking, was used to force the
initial phase estimates to the marginal totals, minimizing
the variances and providing results that were consistent
across poststrata [7]. The raked DSEs were divided by
the initial phase results to yield 84 coverage factors (one
for each poststratum) which were used in the subsequent
small area estimation [8].

The ICM results were used in the Sacramento and
Menominee sites not merely as an evaluation tool, but
were incorporated into the final DR estimates. In South
Carolina, the official counts did not include the PES
results.

E. Results

1. Noninterview Percentages

A measure of quality for any survey is the number of NIs.
However, depending upon the purpose or use of the
number, there may be multiple definitions for the percent
NI, and this is the case with the DR ICM/PES. The
percentages for the DR could vary by three criteria: 1)
treatment of vacant HUs; 2) treatment of HUs with a
preliminary outcome code of "10"; and 3) use of
preliminary versus final outcome codes. For purposes of
field operations, vacant HUs are included in the
denominator of the percent NI. However, for population
estimation purposes, vacants are excluded from the
denominator. A preliminary outcome code of "10"
represents "No census day residents.” In Menominee,
this code was erroncously applied to many seasonal
vacant HUs that should have received a code of "11"
("Vacant on census day”). Thus, it was decided to
convert HUs with an outcome code of "10” to "11." To



ensure consistency across sites, and since the same error
may have occurred in the other sites, the conversion was
applied to all three DR sites. Note that during final
outcome code processing, some additional “10"s may be
created - these are left as code "10".

Table 8 includes the components used in calculating the
noninterview percentages by site and reflects the final
treatment of HUs with a preliminary outcome code of
"10". In Menominee, the misclassification of seasonally
vacant HUs as noninterviews, if left unaddressed,
would have substantially misrepresented the quality of
the ICM survey in the site. The final estimation NI
percent for Menominee would be 30.9 when including
the 176 units with preliminary outcome codes of "10",
After these units were reclassified as vacant, the final
NI percentage drops significantly to a rate of 1.7. The
final estimation NI percentages for Sacramento and
South Carolina were 5.1 and 5.2 respectively.

2. P-Sample Characteristic Imputation Percentages
Missing data rates for P-Sample persons by DR site are
given in Table 9. The selected variables were eligible for
allocation. The item nonresponse percentages range from
a high of 2.2 percent for age and race in Sacramento to
a low of 0.0 percent for Hispanic origin in Menominee.
As is to be expected with a2 coverage survey such as the
ICM, all levels of selected item nonresponse were
geaerally very low. Over all three sites, sex had the
lowest allocation percentages ranging from 0.1 in
Menominee to 0.4 in Sacramento and South Carolina.
The high response rate can most likely be attributed to the
ease with which the enumerator can determine sex during
the interview.

Race and age item nonresponse percentages are relatively
consistent across all three sites. Roughly 2.0 percent of
all P-Sample persons were allocated these variables.
Tenure allocation was also fairly uniform and
exceedingly rare in the DR and ranged from 0.2 percent
to 0.6 percent. Hispanic origin item nonresponse was
generally very low. In Menominee 0.0 percent of the P-
Sample people were allocated Hispanic origin. Roughly
1.0 percent of the P-Sample people in Sacramento and

South Carolina were allocated Hispanic origin data item.:

3. E-Sample Enumeration Status Percentages

Table 10 provides the final E-Sample unweighted
percentages for each of the four enumeration status match
code groups by site. The four groups are correct
enumerations, unresolved erroncous enumerations,
erroneous enumerations, and persons with insufficient

/\ information for matching. The correct enumeration

percentages across all three sites were fairly consistent
ranging from 86.4 in South Carolina to 88.5 percent in
Menominee. The Sacramento site had the highest
percentage of people with unresolved enumeration status
(3.6) and insufficient information (3.7). The perceatages
of people with unresolved enumeration status and
insufficient information ranged from 0.5 in Menominee
to 3.6 in Sacramento, and 1.2 in Menominee to 3.7 in
Sacramento, respectively. Menominese had a high rate of
erroneous enumerations at 9.7 percent, possibly due to a
high incidence of geocoding error. The range of
percentages for persons with an erroneous enumeration
match code is 6.2 10 9.7.

F. Conclusions

As with the initial phase, the handling of missing data did
not have a large impact on the ensuing site-level
estimation. The amount of missing P-Sample data was
small relative to the number of HUs and people
interviewed.

In tables 1-10 percentages may not surn due to rounding
and the following abbreviations may appear:

NA - Not Applicable

Al - American Indian/Alaska Native -
NH/PI - Native Hawaiian/Pacific Islander
Hisp - Hispanic origin

HH - Household

Table 1: Sacramento Allocation Percentages
by Characteristic and Allocation Component

Allocation Percent Components
———
[Paaltem| Base [Percent lpepored | Hot Deck /
: Substituted
Data Consistency .
Sex 354109 8.8 14 32 2
o 354108 28 168 [ 3] 2
Hispanic
Origin 354105 9.8 0.6 7.0 22
‘Rapp 154108 102 NA 20




Table 2: South Carolina Allocation Percentages
by Characteristic and Allocation Component

Table 6: South Carolina Data Defined Percents

by Poststrata Race

Allocation Percent Components Non-Data Non-Data
Data | B P ¢ Total Data Defined | Defined: Defined:
ata ftem ase | Fercen Reported | Hot Deck / . Race Imputed Subsdtuted
. Substituted
Data  |Consistency
" % # % # % # %
Sex 647896 5.0 14 1.9 1.7
Toral 16478961 100 016258041 100.0] 112451 10001 108461 1000
Age 647896 28.5 21.8 5.0 1.7 White/
ispanic Pdher [367612] 56.7]1358808] 57.3] 3805 33.8] 4999] 46.1
Origin __ [6478%| 89 02 6.9 Ll ek bs7772l 39 8basase] 100] gooal 616l sagsl s d
Race 647896 4.6 NA 29 1.7 I 3520l _osl 3366] 05 971 o9l s7l o0s
et ol oa] 3sel oy 71 01 6l 01
Table 3: Menominee Allocation Percentages A cign g0l 1ol sosgl 1ol 194l 1 gl 132l 33
by Characteristic and Allocation Component sood1oaonl vol 1sozal ol osdd el jesl |
Allocation Percent Components
Table 7: Menominee Data Defined Percents
Daw Item | Base | Percent Reported | Hot Deck / | Substituted by Poststrata Race
Data Consistency
Dana Non-Data | Non-Data
Sex 4533 Zl 13 39 19 Total Defined: Defined:
: Race Defined Im :
o mi !l ! 14 0 £6 1.9 putcd Substitueed .
E.ispanic b £ 12 f ¢ 1B 1 ¥ 1% ) ¥ )% |
ngin 4535] 104 0.1 84 Y9 b asaslio00l 4288l1000] 16311000 100.0
lg;p, 4518 50 NA 4.1 19 Whits/
Other 5811 12.8| Ss61| 13.1 6] 3.7 141 167
Table 4: Non-Data Defined Person Percents
oy Dress Rehearsal Site and Type Black 4101 401 oL00l 01 00
I Az} Ra sl 3617 8441 1920 933 631 73
Dress Rehearsal -Data Defined Per<on Percent |
Site Base ] 1] ool 1l ool ol ool of oo
Total [Within HH| Whole HH |
A cian 2] oo 2l oo ol ool ol o0
[Sacramento 354105 h i 29 22
Hjsr 116 28 103 2.4 b1 3! £ 95
south Carpling (47806 34 17 17
Edu.n.m'um: 4535 54 38 19 Table 8: ICM/PES Noninterview Components based on
Final Outcome Codes by Site
Table 5: Sacramento Data Defined Percents
by Poststrata Race . Component Sacramento { Menominee |South Carolina
Non-Daa | Non-Data Total Addresses 16419 794 17677
Total Data Defined Defined: Deﬁfled: A Interview 14322 409 14972
Race Imputed Substituted
B. NI - refusal, no one 486 2 495
# % # % # % # % home, etc.
Total 13541051100 01 3360881100 0} 103921100 017625} 100,00 IC. NI - no data defined 93 0 66
White/ people
Other [157630] 44.5] 152279f 45.3] 2531] 24.4|2820] 37.0 D. No census day 186 5 261
residents (10)
Black | 34953} 1551 $1547) 153) 1780l 17.1]1626) 213
10043 -31] 10143l 39| ossl osl mal 4] [E Vocam 118 368 1208
B} 2982} 07] 2794l o07] 143] j4] 4s] o [F NotaHU ° 214 10 675
sian § 571158 161} s3116] 158l 1007) 208) 902 1y Final Estimation NI
) Rate® 5.1 1.7 5.2
Hisp 70982] 20.0] 66509] 19.8] 2555] 24.6|1918] 25.1

* NI Rate Definition: (B+C+D)/(A+B+C+D)



Table 9: ICM/PES P-Sample Person Missing Data
Percentages for Selected Variables by Site

Yariable Sacramento | Menomince | South Carolina
Basc * 36336 1271 35920
x _04 0l 0
f;oc 22 16 22
Hispanic Origin 1.3 0.0 1.1

Race 2.2 LO 1
Tenure 0.6 02 0.:'

* Base excludes people with a residence status
code of "Remove.”

Table 10: ICM/PES E-Sample Final Unweighted
Correct Enumeration, Unresolved Enumeration Status,
Erroneous Enumeration, and Insufficient Information
Counts and Percents by Site

. South
Status Sacramente | Menominee Carolina

[Base 35806 1202 339591
ICorrect Enumeration
LPercemage 86.5 88.5 86.4
[Unresolved Erroneous
[Enumeration Status

\ {Percentage 3.6 0.5 24
[Erroneous Enumeration
[Percentage 6.2 8.7 9.1
Insufficient Information
Percentage a7 1.2 21
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L INTRODUCTION

The error profile examines specific sources of error
corresponding to the Census 2000 Dress Rehearsal
Integrated Coverage Measurement/Post Enumeration
Survey (ICM/PES) that are feasible to measure given
the design of the ICM/PES. A sample of ICM/PES
block clusters in each site was selected (187 total block
clusters across three sites) to assess the magnitude of
nonsampling error. This is known as the evaluation
cluster sample. The errors with regard to the ‘one-
number census’ in Sacramento, CA and Menominee,
WI may occur in the initial dress rehearsal enumeration
operation (i.e., initial phase), the ICM enumeration
(i.c., final phase), or both. Similarly, the errors
measured within the South Carolina site may be found
in both the census enumeration and the PES activities.
In all three sites, the objective of the error profile is to
measure error in the ICM/PES process.

The individual sources of error that are isolated and
examined separately in this report are data collection
(in both the E-sample and the P-sample?) and

instrument error, certain errors in the processing of data -

(the focus here is errors from the ICM/PES clerical

MThis paper reports the results of research and
analysis undertaken by Census Bureau staff. It has
undergone a more limited review than official Census
Bureau publications. This report is released to inform
interested parties of research and to encourage discussion.

2An E-sample housing unit is a housing unit
which is counted in the initial phase at the time the person
matching begins and is in an area included in the ICM/PES
sample (Childers, 1998). A P-sample housing unit is one
that is listed in the ICM/PES listing book and is confirmed
to exist in a block cluster in an ICM/PES sample area.

matching operation), and the effects of alternative data
collection modes.

These survey measurement and processing errors are
evaluated using the following three tools: Matching
Error Study, Evaluation Followup Interview, and the
Data Collection Mode Study.

Although production and evaluation operational
problems made it impossible to conduct any of these
studies as originally intended, the error profile
evaluation yielded some interesting results.

2. MATCHING ERROR STUDY

One source of processing error in the ICM/PES is
clerical person matching error. People collected in the
ICM/PES in a cluster are matched to people found by
the initial phase in the same cluster. The first step in
this process is a computer match, where obvious
matches are made and possible matches are identified.
The possible matches and remaining nonmatches are
then matched clerically to find the less obvious
matches, first by lower-level matchers, and-then by
matching experts.

The Matching Error Study (MES) attempts to measure
the error in the clerical matching process by having
expert matchers rematch persons within each block
cluster in the evaluation cluster sample. The results
from the rematching operation are compared to the
production results to find differences in match status.

The discrepancy rates between the production and
ICM/PES matching operations were less than one
percent in each of the three sites: Sacramento, South
Carolina, and Menominee. Presumably they would
have been higher if the matching experts had not
performed a 100 percent quality assurance during the
production matching operation However, the

3 The original design of the MES was to use
matching experts to do a sample quality assurance review
of the work done by the clerks and technicians. However,
due to last minute production changes which resulted in the
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relatively small matching error does suggest that the
matching expert coding is highly reliable.

According to the Census 2000 design, afier matchers
have passed an initial 100 percent quality assurance,
matching experts will perform quality assurance on

only a sample of cases during production matching. °

Therefore, the Census 2000 study of matching error is
expected to measure the actual magnitude of matching
error in the Accuracy and Coverage Evaluation and its
subsequent effect on the Census 2000 Dual System
Estimation.

3. EVALUATION FOLLOWUP
INTERVIEW

The Evaluation Followup Interview (EFU) measures
aspects of two types of survey error. The first type is
measurement error, the error introduced into the survey
process by the interviewer, respondent, and instrument.
That error is measured by the Evaluation Person
Followup Reinterview, a replication of the ICM/PES
Person Followup Interview in a subset of the clusters
in the evaluation cluster sample. The production
ICM/PES Person Followup Interview is conducted
when people from the initial phase and the ICM/PES
do not match afier the initial clerical person matching
operation. The interview collects information to ensure
that all correct matches are made and correct residence
status are set.

This evaluation attempts to obtain the true match and
residence status by giving the clerical matchers a
second set of data from the Evaluation Person
Followup Reinterview, along with the production
Person Followup Interview data, to use when

determining the final match and residence status of -

each person. The comparison of these results with the
production data provides an estimate of measurement
error in the ICM/PES data.

The second type of error the EFU attempts to measure
is production error due to the decision to not conduct a
Person Followup Interview for certain people who did
not match between the initial phase and the ICM/PES.
This study is called the Person Followup Criteria
Evaluation. Research in previous Census tests
suggested not including these people in the Person
Followup Interview, but to code them as residents in
the cluster because it was doubtful that useful

matching experts' review of every cluster, the focus of the
study shifted to an assessment of matching reliability.

information would be gleaned from the Person
Followup Interview.

Theunderlying assumption of the Evaluation Followup
analysis is that the EFU process results in residence
status and match codes that are closer to truth than
results of the ICM/PES pfocess. There were several
operational components aimed at meeting this
assumption: 1) The field operation was conducted
using experienced interviewers, 2) An automated
System was used to print person workload information
and form questions simultaneously for the PFU Criteria
Evaluation, thus eliminating error associated with
clerical transcription/preparation of the EFU forms, 3)
matching experts were used in lieu of matching clerks
to assign match codes and residence status, and 4)
information from all previous contacts was used to
resolve evaluation cases.

Despite the best efforts of the evaluation staff'to design
the EFU to produce accurate error estimates,
limitations should be considered when interpreting
results. Because of processing demands, the EFU
interview was not in the field until approximately eight
months afier Census day. The ability to establish
*“truth” for the portion of the population that we are
most concerned with eight months after Census day is
highly questionable due to recall error. Time lag
limitations also apply to the ICM/PES production
results, since the ICM/PES Person Followup interview
directly precedes the Evaluation Followup Interview.
As a result, error attributable to the ICM/PES may be
understated. An additional limitation of the EFU
Interview is the data collection mode, that is, paper and
pencil interview as opposed to a Computer Assisted
Personal Interview (CAPI). The paper form limits the
ability to ask complex question skip patterns, which
could be implemented with a CAPI instrument. The
decision to use a paper instrument was driven by
unavoidable timing and resource restrictions. In
addition to these limitations, the EFU could not be
conducted as originally intended and certain analysis
could not be performed due to operational problems
with the evaluation.

3.1 Evaluation Person Followup Reinterview

If we assume the EFU data are closer to the truth than
the production data, residence status changes from
ICM/PES to EFU indicate that ICM/PES was in error.
To evaluate the magnitude of measurement error
introduced by the survey process, we produced
crosstabulations of the residence status of each person



as determined after the EFU versus the final ICM/PES
residence status. When there was a conflict,
information collected in the EFU was used to help
determine the source of such conflict and the
resolution. Based on these crosstabulations, gross
difference rates are estimated.

The gross difference rate (GDR) (Forsman and
Schreiner, 1991) is the proportion of people whose
ICM/PES and EFU assigned codes differed. The GDR
is calculated by dividing the total number of conflicts
by the total number of cases. Interpretation of the
GDR is subjective.

Regarding match codes, the GDR was 9.7 percent
(SE=4.6 percent) in Sacramento and 7.5 percent
(SE=3.1 percent) in South Carolina. For the residence
status, the GDR was 15.2 percent (SE=5.9 percent) for
Sacramento and 9.0 percent (SE=2.8 percent) in South
Carolina. For Menominee, the GDR was 11.3 percent
(no standard error estimate was produced) for both
match and residence status.

These results are in the range of moderate concern, but
given the reduced sample of clusters for the Evaluation
Person Followup Reinterview due to evaluation
operational problems (49 of the 187original evaluation
block clusters), no specific conclusions can be made
from these resvits. The Census 2000 Evaluation
Followup Interview design will take these results into
consideration.

32 Person Followup Criteria Evaluation

The Person Followup (PFU) Criteria Evaluation was

conducted using the EFU form which was a modified -

Person Followup Interview form. It collected
information about all people in the evaluation sample
clusters who did not match initial phase people but
were excluded from the Person Followup Interview.
These results were compared to the production results
with regard to changes to match and residence status
codes.

In addition, the PFU Criteria Evaluation results were °

used to recompute the Dual System Estimates (DSEs)
which are compared to the production DSEs (based on
ICM/PES production data from within the evaluation
cluster sample). The purpose was to quantitatively
evaluate the effect of the criteria decision on the
population estimates and/or coverage factors. The
difference between the production DSEs and the
recomputed DSEs represent the change in population

estimates based on the inclusion of the additional
nonmatch cases in followup, assuming the PFU
Criteria Evaluation represents truth.

Tables 1 and 2 show the DSEs calculated from the
production data within the sample clusters, the DSEs
calculated from the PFU Critéria Evaluation results, the
differences, and whether or not those differences are
significantly different than zero. Data are shown for
the site total, tenure, and race/ethnicity. Estimates for
age/sex groups were also computed but are not shown
in the tables. The DSE population estimates have been
corrected using iterative proportional fitting (i.e.,
raking), and are based on the PES-C estimation method
used in the dress rehearsal (Childers, 1998).

No Evaluation PFU Reinterview results were included
in these tables. Only PFU Criteria Evaluation changes
are included because the PFU Criteria Evaluation
sample covered all 187 clusters, whereas the
Evaluation PFU Reinterview sample covered a smaller
number of clusters. In addition, the main objective is
to determine the effect on the estimates by not sending
the PFU Criteria Evaluation cases to PFU.

The DSEs shown in the tables, both production and
PFU Criteria Evaluation-based, contain data from the
187-cluster evaluation sample and are not equivalentto
the official population estimates. These estimates have
been weighted to represent the whole sites. Note these
DSEs only include people eligible for ICM/PES; group
quarters and service-based enumeration areas are not
included. Calculations for Menominee are not given
because the number of sample clusters in Menominee
is small.

Significance was determined at & = .10, which is the
Census Bureau standard, using the Dunn method of
controlling for multiple comparisons. With the Dunn
method, the alpha level was divided by the number of
comparisons to be made: one for the total, two for
tenure, seven for race/ethnicity, and six for age/sex
(Toothaker, 1993), to come up with the significance
level used in the tests.

. As shown in Tables 1 and 2, there were no significant

differences in the DSEs calculated using production
results versus the PFU Criteria Evaluation results for
the 187 Evaluation clusters weighted up to the Census
2000 Dress Rehearsal sites. The results for the age/sex
groups were similarly non-significant.



The computation of the DSEs after the PFU Criteria
Evaluation interview includes the results of following
up on specific cases not followed up in PFU. Since
there were no statistically significant differences in the
DSEs, there is no reason to believe that sending the
PFU Criteria Evaluation cases to PFU affects the DSEs
(assuming PES-C estimation methodology). Hence,
there is no evidence that the Census Bureau should not
use the same criteria to followup people in Census

2000. )
Table 1: Comparison of DSEs for Poststrata Marginal Variables, Sacramento

DSEs for Eval DSEs for Eval

Clusters Using Clusters Using
Subgroup Production Results  Evaluation Results* Difference p-value  Signif
Site Total 403,105 (12,119) 401,483 (12,506) | -1,623 (1,978) 0.41 No
Owner 202,434 (7,968) 202,354 (7,921) -80 (586) 0.89 No
Renter 200,671 (7,189) 199,129 (7,619) | -1,542 (1,470) 0.29 No
NH White/Other 178,712 (9,195) 177,935 (5,039) =777 (706) 027 No
NH Black 64,025 (3,425) 64,686 (3,649) 661 (395) 0.09 No
NH Amer Ind/Alas Nat 13,156  (541) 13,148  (543) -8 (57) 0.89 No
NH Native Haw/Pac Isl 2,859 (109 2,859 (110) 0 (12) 097 . No
NH Asian 62,291 (1,949) 60,734 (2,780) | -1,557 (1,359) 0.25 No
Hispanic 82,063 (2,904) 82,120 (2,913) 57 (342) 0.87 No

Note: Standard errors are in parenthesis .
* Only the PFU Criteria Evaluation results were used in the calculation of the DSEs.
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Table 2: Comparison of DSEs for Poststrata Marginal Variables, South Carolina

DSE:s for Eval DSE:s for Eval

Clusters Using * Clusters Using
Subgroup Production Results  Evaluation Results* Difference p-value  Signif
Site Total 756,533 (46,153) 754,258 (46,104) | -2,275 (2,256) 0.31 No
Owner 554,834 (34,915) 553,362 (36,230) | -1,472 (1,407) 0.30 No
Renter 201,699 (19,039) 200,896 (18,370) -803 (1,550) 0.60 No
NH White/Other 407,923 (16,047) 405,312 (16,128) | -2,611 (1,968) 0.18 No
NH Black 321,225 (32,824) 321,542 (32,879) 317  (667) 0.64 No
NH Amer Ind/Alas Nat 4,447 (450) 4,452  (451) 4 (10) 0.66 No
NH Native Haw/Pac Is! 435 44) 436 (44) 0 1 0.73 No
NH Asian - 7,609  (762) 7,614  (760) 5 (23 0.83 No
Hispanic 14,893 (1,508) 14,903 (1,506) 10 (41) 0.81 No

Note: Standard errors are in parenthesis

* Only the PFU Criteria Evaluation results were used in the calculation of the DSEs.

4. DATA COLLECTION MODE STUDY

This study attempts to measure error due to collecting
ICM/PES Person Interview data over the telephone

from the interviewer’s home using the computer- .

assisted instrament as opposed to collecting the data
using the same instrument during a personal visit.

The ICM/PES Person Interview was CAPL. It was
designed to be conducted in person by the interviewer
after the completion of the initial phase Nonresponse
Followup to avoid contaminating the initial phase data
in ICM/PES clusters. However, to alleviate tight
schedule demands it was decided to collect data for
selected cases by telephone using the (CAPI)
instrument before the Nonresponse Followup was
finished and ICM/PES personal visits began. The
selected cases included those people who responded to
the initial phase by mail early in the process and
provided a phone number.

The study was conducted by not allowing data to be
collected by telephone for half of the eligible cases in
the evaluation sample clusters, while attempting to
collect the data by telephone for the other half. The
phone and personal visit cases were paired as the
sample was selected, and the percentage of matches to
initial phase people and item nonresponse rates were
compared to attempt to measure if there were
significant differences by the mode of data collection
in our population of interest. -

Because of production problems, the sample size for
this evaluation is too small to’ make any strong
conclusions, but we found no evidence that the mode
of data collection affected the person match rates or the
item nonresponse rates.

5.  NET ERROR

The original error profile study design included plans
for examining the net effect of a subset of nonsampling

" error sources. The methodology involved estimating a

net nonsampling error and combining it with the
sampling, or random, error which occurs because only
a sample of blocks (and households) is observed in the
ICM/PES (Spencer, et. al., 1998). The subset of
nonsampling errors that would have been incorporated
into the net effect are as follows: (i) errors in the



collection of data, (ii) matching errors, and (iii)
random nonsampling error related to estimation which
includes the effects of heterogeneity bias, synthetic
estimation error, and ratio-estimator bias.

The planned methodology for computing the net error

estimates involved using the results of the EFU in
conjunction with the MES to determine more accurate
residence status and match codes for everyone who
was interviewed in the initial and final phases in
evaluation sample blocks on Census Day. This process
would be used to obtain a lower bound for net error*,
which would include the subset of the components of
nonsampling error delineated above.

Due to the changes in the ICM/PES matching QA
program during production (i.e., 100 percent QA by
matching experts) and & predetermined coding
specification for 2 portion of the production workload
(i.e., the classification of whole household ICM/PES
nonmatching persons from non-proxy interviews as
residents), the estimate of matching error based on the
MES and the estimate of data collection/instrument
error based on EFU are thought to underestimate the
actual error. The magnitude of the separate component
errors, which feed into the net error estimate, are
substantially smaller than what is expected in a national
decennial census. Based on the proposed net error
estimation methodology, the lower bound for the net
nonsampling error would similarly underestimate the
true value. Thus, the net error estimates are not
included in this paper but will be provided at a later
date.

For Census 2000, the net error Jower bound, as well as

the component error estimates, are not expected to -

underestimate the true value as much as in the Census
2000 Dress Rehearsal. Regarding the production
matching operation, the QA program is not designed to
include a 100 percent block cluster rematch by the
matching experts. In addition, the 2000 Census
Evaluation Followup Interview is currently being
redesigned to ensure an accurate and reliable estimate
of data collection error.

6. RELATED RESEARCH

* This “lower bound” is not a mathematical
lower bound associated with a confidence interval.
Instead, this phrase is used to indicate that the net error
estimate is a subset of the total net error.

For the 1988 dress rehearsal census of St. Louis and
cast-central Missouri, Mulry and Spencer offer
estimates of the errors of the census, DSE, and
undercount estimates. Their ‘total error’ methodology
includes decompositions of error based on the PES into
components and summarizing the combined effect of
the component errors in a'total error estimate (Mulry
and Spencer, 1991).

The total error methodology is similar to the original
design of Census 2000 Dress Rehearsal Error Profile in
the general format in which the error related to the
respective post-coverage surveys (i.e., the 1988 PES
and 1998 ICM/PES) is described. The Error Profile
estimates the magnitude of a subset of individual
sources of error and originally intended to incorporate
these isolated errors into a net error estimate which
serves as a lower bound for total error. The total error
model also examined errors individually and attempted
to create a combined estimate,

However, the 1988 Dress Rehearsal total error model
and the Error Profile differ in at least one critical way,
the scope of the study. The total error approach to
estimating error in the DSE is to try to identify all the
sources of error, estimate their magnitudes, and study
their propagation through the estimation process
(Mulry and Spencer, 1991). The seven individual
components of error included in the total error strategy
are model error, P-sample matching error, error in the
P-sample reported census day address, P-sample
fabrications, error in the measurement of erroneous
enumerations, imputation error, and sampling error.
The total error model also considers mixed error, that
is, error that arises from a mixture of a kind of
measurement error known as balancing error and

failure of assumptions, but concludes that mixed error

is negligible for the 1988 PES.

This comprehensive and ambitious philosophy differs
from the Emor Profile in that only a subset of
nonsampling error is isolated and estimated in this
report. The net error portion of the Error Profile was
originally designed to incorporate errors in the
collection of data (somewhat comparable to the total

.error component of errors in the measurement of

erroneous enumerations), matching error (comparable
to the total error P-sample matching error component),
and random nonsampling error related to estimation
which includes the effects of heterogeneity bias,
synthetic estimation error, and ratio-estimator bias.
The Error Profile included the study of data collection
mode effects, which is not applicable to the 1998 PES.



Other error sources (i.e., fabrication, imputation and
sampling error) are not included in the error profile but
are examined in separate evaluation reports.

Given this important difference (as well as several
others not mentioned here) between the total error '
model and the Error Profile, 1988 and 1998 dress
rehearsal error results should not be compared. The
Error Profile was never intended to be a
comprchensive, exhaustive delineation of all
nonsampling and sampling errors in the ICM/PES, but
rather a snap-shot of the major nonsampling errors
associated with the final population estimates.
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INTRODUCTION

The Census Bureau is developing a nationwide address |

list called the Master Address File (MAF) to document
the address of every living quarters in the United States
and will use it to implement the full range of Census
Burean demographic statistical programs, including
Census 2000. The MAF building process for the Census
2000 Dress Rehearsal involved a series of operations that
built on each other and ultimately resulted in the address
list used to conduct the census. The MAF building
process differed for areas with mail delivery to
predominantly city-style addresses (mailout/mailback
areas) and areas with predominantly non-city-style
addresses (update/leave areas). City-style addresses are
characterized by a house number and street name; non-
city-style addresses by rural route or box numbers. This
paper summarizes the entire dress rehearsal MAF
building process. It should be noted that the data
presented provides some insight into what we can expect
in the Census 2000 environment, but cannot be
generalized to the nation, or compared across dress
rehearsal sites.

BACKGROUND

The Census 2000 Dress Rehearsal was conducted in
Columbia, South Carolina and the eleven surrounding
counties; Menominee County, Wisconsin; and
Sacramento, California. Each dress rehearsal site was
selected because of its demographic and geographic
characteristics, and to provide experience with some of
the expected Census 2000 environments. Each site used
a different mix of census and statistical procedures.

The Sacramento, California site was selected because it
contains great diversity among racial and ethnic groups.
The Columbia, South Carolina site was selected because
it contains living situations and socioeconomic
characteristics that are not found in a predominately
urban environment; the Menominee County, Wisconsin
site because it includes the Menominee American Indian

Reservation.

The methodology used to evaluate each MAF building
operation is specific to the process in which it was
conducted. Basic counts and percentages are presented,
and in some operations the number of addresses added,
corrected, or deleted. Note that the relative impact of
each operation could not be fully assessed due to the
manner in which data were retained on the MAF extracts.

MAF BUILDING OPERATIONS

The MAF building operations in the dress rehearsal were
as follows for the mailout/mailback areas: 1990 Address
Control File, May 97 Delivery Sequence File, Targeted
Multi-Unit Check, Targeted Canvassing, Postal
Validation Check, and Urban Update Enumerate. In the
Update/Leave areas: Address Listing, and Update/Leave.
In both mailout/mailback and Update/Leave areas the
Local Update of Census Addresses and Be
Counted/Telephone Questionnaire Assistance operations
were conducted.

1990 Address Control File (ACF) and May 1997 Delivery
Sequence File (DSF): The ACF and DSF were used to
create the initial Master Address File for
mailout/mailback areas of the dress rehearsal sites. The
ACF is a file of addresses developed by Census, for the
1990 Census, and is based on several initial list
operations and a series of coverage- improvement
operations. The DSF is a file of addresses provided by
the United States Postal Service. The two files were
matched against each other within ZIP Code and street
name,

Targeted Multi-Unit Check (TMUC): TMUC was
conducted in Sacramento and the mailout/mailback area
of South Carolina. The operation compared the housing
unit counts at multi-unit addresses (apartments, rooming
houses, etc.) between the 1990 Address Control File
(ACF) and the May 1997 Delivery Sequence File (DSF).
Where these counts differed, enumerators visited or
telephoned (when possible) these basic street addresses,
to ensure that the census address list had the correct

This paper reports the results of research and analysis undertaken by Census Bureau staff. It has undergone a more
limited review than official Census Bureau Publications. This report is released to inform interested parties of

research and to encourage discussion.



number of units. Enumerators also updated the unit
designations for each unit.

Targeted Canvassing (TC): Targeted Canvassing was
conducted in Sacramento and Columbia City, South
Carolina. In the operation, local officials were asked to
identify and prioritize blocks where they expected hidden
housing units to exist. These hidden units were units that
post offices may not be aware of because they were in
basic street addresses (BSAs) where mail was delivered

to one specific place and later distributed to individual -

units by non-U.S. Postal employees (building mangers,
landlords, etc.). These BSAs may be recent conversions
from single unit addresses (like a basement or garage
apartment) or they may be BSAs with purposely hidden
units because they are illegal. During canvassing, field
staff looked for missing or hidden units in the particular
blocks identified by th= local officials or a subset of these
blocks, depending on how many were identified.

Postal Validation Check: In the Postal Validation Check
operation, United States Postal Service employees
verified the completeness of the MAF by comparing
MAF addresses with the addresses in their carrier
delivery routes. The Census Bureau limited the operation
to 29 ZIP Codes (seven in South Carolina and twenty-
two in Sacramento) that were entirely within the dress
rehearsal sites and entirely inside mailout/mailback areas.
The operation’s primary purpose was to capture late new
construction in time for the mail out of census
questionnaires.

U.S. Postal Service employees also provided updates to
address information for existing units on the MAF. The
Census Bureau did not make use of these corrections or
the information the U.S. Postal Service provided
concerning incorrect or undeliverable addresses, since
these preexisting addresses were already in the process
for printing and mailing census questionnaires. The U.S.
Postal Service provided address adds and deletes at a
charge of 17 cent per address.

Address Listing: Address Listing was conducted in
Menominee and the Update/Leave areas of South
Carolina, and is the initial source for building the MAF in
these areas. In the operation, census enumerators went
door-to-door to identify the mailing address and physical
location of housing units. The enumerators also map-
spotted each housing unit on a block map. Enumerators
provided a concise description of structures where no
address was visible.

Update/ Leave: The Update/Leave operation was

conducted just prior to Census day in Menominee and the
Update/Leave areas of South Carolina. Enumerators
canvassed each block in their assigned area, matching
what was found on the ground to the list of addresses in
the Update/Leave address register. They updated the
register by adding new addresses, deleting addresses they
could not locate, and correcting addresses, if necessary.
When the enumerator found a new housing unit which
was not on the register, they added the unit to the list,
map spotted the unit on a block map, and addressed the
appropriate form type of questionnaire. The enumerator
was also responsible for updating the block map with
new street features, corrections to street/road names, and
deleting street features that did not exist.

Local Update of Census Addresses (LUCA): The LUCA
operation was conducted in all dress rehearsal sites.
During the Local Update of Census Addresses operation,
local and tribal governments participated, voluntarily, in
a partmership program with the Census Bureau to conduct
a review of the addresses on the Master Address File.
Local and tribal government officials were given the
opportunity to review the census address list for accuracy
and completeness before the Census Bureau delivered
questionnaires.

The Census Bureau gave files of addresses (paper or
electronic) and maps (used to identify census geography
such as block numbers) to the participating local and
tribal governments for their review. The Census Bureau
allowed governments one month to review these files and
maps, and to provide feedback to Census staff.
Participating governments provided feedback in the form
of recommended adds, deletes, or corrections of
addresses. The Census Bureau then conducted a series of
operations to determine whether to accept or reject the
recommended actions.

Once the Census Bureau finished processing all of a local
or tribal government’s suggested changes to the MAF,
the agency provided the government feedback identifying
which changes were accepted and were rejected. At this
stage, the government had the opportunity to review the
Census Bureau’s results and to provide additional
feedback. This was an opportunity for the government to
correct information from their previous submissions orto
attempt to convince the Census Bureau of the existence
of units the agency could not find during LUCA field
verification.

After the local government had the opportunity to
provide a second round of feedback, the field staff made
the final determination about whether to include specific
housing units in the census. This step of the process was



known as LUCA Reconciliation. Due to timing
constraints, for the most part, the Census Bureau simply
accepted any feedback the local or tribal governments
gave us at this stage and included all added units in the
census process.

It should also be noted that prior to the implementation of
the LUCA program, the Census Bureau had experimented
with a program called the Program for Address List
Supplementation (PALS). In this program, local

governments gave the Census Bureau their independent *

list of addresses. The addresses were compared against
the address list maintained by the Census Burean.
Submission of inconsistent and/or nonstandard
information, low participation rates, etcetera, led to the
cancellation of the program. PALs was only conducted
in the Sacramento site. The results are not presented in
this paper.

Be Counted and Telephone Questionnaire Assistance
{BC/TOA): The Be Counted and Telephone
Questionnaire Assistance programs are conducted in both
the mailout/mailback and Update/Leave areas of dress
rehearsal sites. The operations provide two ways that
people can complete a census form if they were not
otherwise enumerated.

FINDINGS

Targeted Multi-Unit Check (TMUC)

Of the estimated housing units on the MAF for
Sacramento (153,000*), approximately 12.7 percentwere
canvassed, which are contained within 1,325 basic street
addresses. Of the 1,325 BSAs canvassed in the
operation, 31.2 percent were resolved by telephone, and
68.8 percent by field verification. The TMUC operation
contributed 228 additional housing units to the building
of the MAF, and deleted 689.

Of the estimated number of housing units in the South
Carolinasite** (197,820***),approximately 6.22 percent
were canvassed, which are contained within 1,867 basic
street addresses. Of the 1,867 BSAs canvassed in the

operation, 15.5 percent were resolved by telephone, and
84.5 percent by field verification. The TMUC operation
contributed 274 additional housing units to the building
of the MAF, and deleted 1,159.

Targeted Canvassing (TC)

Of the 153,000* estimated housing units in Sacramento,
approximately 12.7 percent were in blocks that were
cahvassed. Targeted Canvassing added 756 units to the
MAF. These adds represent a 3.9 percent increase of
housing units (HUs) in the blocks canvassed.

Of the estimated number of housing units in the
mailout/mailback areas of the South Carolina site**
(197,820%%*), approximately 2.9 percent were
canvassed. Targeted Canvassing added 111 units to the
MAF. These adds represent a 1.9 percent increase of
housing units in the blocks canvassed.

Postal Validation Check

The number of adds paid for by the Census Bureau does
not match the number of adds processed in the
operations. In Sacramento, 3,189 adds were processed in
the operation, however, the Census Bureau only paid for
3,054. In South Carolina, 1,587 adds were paid for, but
only 1,223 processed. This differences can be attributed
to one or more of the following:

. inconsistent tallying and or/invoicing
regarding multiple addresses on a
single card,

. the USPS not charging Census for
addresses returned very late, and

. the USPS returning addresses so
illegible (or incomplete) that they were
not keyed.

The Postal Validation Check operation also provided a
substantial number of addresses recommended for
deletes. Because of the timing of the operation and the

* The actual number of housing units on the MAF in mailout/mailback areas of Sacramento, before this operation,
was not possible to determine. Therefore, the number of estimated housing units in the site is used as the base for

the percentage of housing units canvassed.

** NO specific housing unit count for Columbia City was available, therefore the estimated housing units in the site

were used as the base for the percent canvassed.

***The estimate is based on the estimated number of housing units in the site (252,000), and the percentage of
units in the mailout/mailback areas of South Carolina after the final results of the dress rehearsal (78.5%).
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inconsistency of how the USPS and the Census Bureau
defined a housing unit, we are not able to make use of
addresses marked for deletion.

accounted for in the total.

Address Listing

The number of mailing addresses and physical
descriptions obtained in the operation are presented
below.

Table 1. Table 4.
PVC Cards Paid For Units Listed Counts
Sacramento South Carolina South Carolina | Menominee
Adds 3,054 (24.3%) 1,587 (32.7%) Mailing Address 50,595 1,063
(75.9%) (51.6%)

Deletes | 9,497  (75.7%) [ 3,269 | (67.3%)

- Physical Description 16,109 997

Totals 12,551 (100.0%) | 4,856 (100.0%) (24.1%) (48.4%)
A high match rate was also found between new addresses Total 66,704 2,060
provided by the Postal Service and addresses we already
had on the Master Address File. Update Leave _

The number of added, corrected, and deleted addresses in
Table 2. the operation are presented in Table 5.
PVC Match Rate Table s-
Sacramento South Carolina Update/Leave Counts
Matched to Units 1,315 658 South Carolina Menominee
on MAF (41.2%) (53.8%)
Added 4,331 96

Did Not Match to 1,874 565

Units on MAF (58.8%) (46.2%) Corrected 7,543 566

Total 3,189 1,223 Deleted 4,225 87

Lastly, the Geography Division attempted to geocode all
of the adds provided by the Postal Service, regardless of
whether they matched to units already on the MAF. To
the extent possible, computer programs were used to
geocode the address. When that was unsuccessful,
clerical geocoding was conducted.

Table 3.
Geocoding Results of Adds Not on MAF
Sacramento | South Carolina

Computer 1,587 270
Geocoded (85.0%) (47.8%)
Sent to Clerical 281 295
Geocoding (15.0%) (52.2%)
Total 1,868t 565

t Six of the 1,874 addresses not matching are not

Local Update of Census Addresses (LUCA)

In terms of participation rates, the Census Bureau
obtained the participation of the City of Sacramento
and the Menominee Tribal government in the Local
Update of Census Addresses program. In the South
Carolina site, 31 of the 60 eligible governments (51.6
percent) participated. These government entities
accounted for 98 percent of the 1990 Census housing
units in the South Carolina site.

The Local Update of Census Addresses operation
varied in the capturing of new addresses, corrections to
addresses, and addresses to delete across the sites. The
number of initial adds, corrections, and deletes
accepted and rejected for the dress rehearsal sites are:

Table 6.



Initial LUCA feedback from Sacramento

adds re-added during LUCA reconciliation, and adds
added for the first time during the LUCA reconciliation

Adds Deletes Corrections step. Menominee did not provide additional feedback in
the LUCA reconciliation step so the changes that the
Accepted 155 0 3=9l°6 Census Bureau originally accepted are the full extent of
(5:3%) (0.0%) (86.5%) the changes the agency made to the MAF based on
Rejected | 2,763 0 612 Menominee’s input (See Table 8).
(94.7%) | (0.0%) (13.5%)
Total 2,918 0 4,528
Table 7.
Initial LUCA feedback from South Carolina Table 9.
. Reconciled Changes to the MAF
Adds Deletes Corrections
t: th Caroli
Accepted | 3,892 5,361 15,187 Sacramento | South Carolina
(12.6%) | (43.2%) (56.3%) Added 988 11,621
Rejected 27,050 7,053 11,796 Deleted 0 5,361
87.4%) | (56.8%) (43.7%)
Corrected 3,916 15,187
Total 30,942 12,414 26,983
Be Counted and Telephone Questionnaire Assistance
Table 8. (BM'Q ) 4 )
LUCA feedback from Menominee In Sacramento, 1,575 Be Counted questionnaires were
- received. In South Carolina and Menominee, 783 and 21
Adds Deletes Corrections Be Counted questionnaires were received, respectively.
Accepted 25 17 282 The _total _ numbef of addresses z.addcd from the
(100%) (60.7%) (97.6%) questionnaires received are presented in Table 10.
Rejected 0 11 7 Table 10.
(0.0%) (39.3%) (2.4%)
Be Counted/Telephone Questionnaire
Total 25 28 289 Assistance Results
Questionnaires | Addresses Added to
: Received the MAF
It should be noted that there was a large rejection rate of
initial submissions across the sites. The Census Bureau Sac 1,575 - 535 (34.0%)
rejected some adds because they matched to units already o
on the MAF or they could not be located in a field S¢ 783 521 (66.5%)
verification process. The Census Bureau also rejected Men 21 5 (23.8%)

some adds because we could not process them due to
missing or unreadable information (e.g., no block
number). The Census Bureau rejected some deletes and
corrections because the local governments did not give
the agency the MAF identification number which was
needed to identify the referenced unit. The Census
Bureau rejected other deletes because they referenced
units that were outside of the jurisdiction of their
govermnmental entity.

The total number of added units to the MAF includes
adds initially accepted from participating governments,

CONCLUSIONS/RECOMMENDATIONS

As a tool for coverage improvement it was found that
Targeted Canvassing was productive in providing adds to
the blocks canvassed in Sacramento and South Carolina.
However, TMUC found fewer than 300 new housing in
both of the sites. It is also unclear from the Dress
Rehearsal data whether improving coverage of housing
units at multi-unit addresses can be done adequately over
the phone. It should be noted that the Targeted
Canvassing and TMUC will not be conducted in Census



2000 because we will be doing a 100 percent block
canvassing in Mailout/Mailback areas of the country.

The Census Bureau obtained the participation of the City
of Sacramento, the Menominee Tribal government, and
51.6 percent of the eligible South Carolina governments
in the LUCA program. Although only 51.6 percent of the
eligible South Carolina governments participated, they
accounted for 98 percent of the 1990 Census housing
units in the site. It is recommended that the Bureau

continue its efforts to form partnerships with local °

governments in this coverage improvement operation.

Part of the standard procedure of the U.S. Postal Service
(USPS) in the Postal Validation Check operation is to
provide address corrections and deletions, in addition to
address adds. Because of the timing of the operation and
the inconsistency of how the USPS and the Census
Bureau define a housing unit, we are only able to make
use of new addresses provided in the operation. Also,
addresses recommended to be deleted could not be used
because existing addresses were already printed on
census questionnaires and ready for delivery. However,
we pay the postal service for these deletions. In
Sacramento, 75.7 percent of the 12,551 addresses we paid
for were deletions. In South Carolina, 67.3 percent of the
4,856 addresses we paid for were deletions.

In both Sacramento and South Carolina, there was 2 high
match rate between new addresses provided by the postal
service and addresses we already had on the MAF (41.2
percent of the 3,189 in Sacramento and 53.8 percent of
the 1,223 in South Carolina). We recommend that, as in
the dress rehearsal, systems be put into place to look out
for duplicate addresses provided in the Postal Validation
Check operation. -

In the LUCA operation a substantial number of initial
submissions were rejected. The Census Bureau rejected
some adds because they matched to units already on the
MAF or they could not be located in the field verification
operation. They also rejected some adds because the
agency could not process them due to missing or
unreadable information. Additionally,theyrejectedsome
corrections and deletesbecause local governments did not
give the agency the MAF identification number which
was needed to identify the referenced unit. As a result,
we recommended that the Census Bureau do more to
improve the process, and to educate and train LUCA
participantsto makethis coverage improvement operation
more efficient. It should be noted that revisions to the
LUCA program have been made to improve both the
process and training for Census 2000,

In Sacramento, 1,575 questionnaires were received in the
Be Counted/TQA operations, contributing 535 new
addresses to the MAF. In South Carolina, 783
questionnaires were received contributing 521 new
addresses, and in Menominee 21 questionnaires were
received contributing 5 new addresses. We recommend
that more planning go into' the operations of the Be
Counted Program including the placement of Be Counted
forms in the field and the geocoding of addresses in order
to ensure that Be Counted response records have time to
make it into the Census process.

The relative impact of each operation on the building of
the Master Address File could not be fully assessed in the
evaluation. This was largely due to the manner in which
data were retained on the Master Address File extracts
used in the dress rehearsal. In particular, we could not
obtain the universe of addresses going into each
operation. The universe of addresses going into each
operation would have provided a base against which to
measure the relative impact of the operation.
Additionally, the Master Address File extracts only
retained the results of the most recent field operation. By
updating the file with the most recent field operation, it
was not possible to determine which operation was the
initial input source. With these limitations, we still
attempted to gain some sense of each operation’s relative
impact by examining the summarized information found
in a series of MAF extracts.

For Census 2000, we recommended a thorough review of
the flags set on the Master Address File that show the
relative impact of each operation. In particular, the
creation of specific variable fields that folljow the history
of an address, as they relate to an operation. Fields
should also be created to determine if an address was
part, or not part, of the initial universe for specific
operations. The Decennial Statistical Studies Division is
currently working with Geography Division and the
Decennial Systems and Contracts Management Office to
make these improvements.
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1. Introduction

Census 2000 procedures were rehearsed in three sites
during 1998: Sacramento, California; the Menominee
Indian Reservation in Wisconsin; and the Columbia,
South Carolina area. In each location, after the Census
was taken, an independent enumeration of sampled block
clusters was performed for the purpose of census
coverage measurement. During the Dress Rehearsal, this
process was called Integrated Coverage Measurement
(ICM). The people and housing units contained in this
independent enumeration is known as the P-sample.
People and housing units from the census that are counted
in the sampled block clusters are called the E-sample.
Both the P-sample and the E-sample contain within
sample person and housing unit duplication. This
duplication is examined with emphasis on E-sample
person duplication.

The data used is derived from the ICM matching at all
three sites of the Dress Rehearsal; there are E-sample
duplicates at each site and each duplicate has exactly one
individual that it duplicates. Individuals that have
duplicates are called primary persons. Duplicates are
identified by clerical match code during matching and
subsequent analyst verification. Person duplication is
analyzed by the post-strata gender, race, age, and housing
tenure to see if duplication occurs more regularly in one

group than in another group and to see if we can -

accurately predict duplication by examining personal
characteristics. We attempt to associate duplication with
gender, race, age, and housing tenure and search for
significant relationships.

Section 2 discusses the methods used to analyze the
data. Section 3 examines the frequency of duplication
within various post-strata while Section 4 discusses the
percentage agreement between primary persons and
duplicates on these same post-strata. Section 5 examines

the randoniness of E-sample duplication while Section 6
states the final conclusions of the paper.

2. Methodology

The database used consists of all census persons at

. cach site before subsampling. Person duplication at each

site is analyzed by four post-strata: gender, age, race, and
housing tenure. At each site, there are individual records
with missing values of post-strata so that each post-strata
variable has a level called missing. The age variable has
four non-missing levels (ages 0-17, ages 18-29, ages 30-
49, and ages 50 and over). The race variable has two non-
missing levels in Menominee and South Carolina. At
these sites the levels are White and Other where all
nonWhites have been collapsed into the Other category.
In Menominee the Other category is primarily American
Indian while in South Carolina this Other category is
primarily African-American. Sacramento has four non-
missing racial categories: White, Black, Asian, and Other
where the Other category is primarily Hispanic.

The frequency of duplication is determined by taking
the ratio of the number of persons duplicated to the total
number of people in sample, both in total and for each
level of post strata. These ratios are computed for each
site and then converted to percentages. Standard errors of
these percentages are calculated using the software
package VPLX, which uses replication methods to
calculate variances of estimates derived from complex
surveys as described in Fay (1990). Once these
frequencies and their standard errors are determined,
within post-strata comparisons are made at each site to
check for significant differences in the frequency of
duplication.

These comparisons are made using critical values of
t-statistics. These critical values are determined using a
multiple comparison of means technique with a
Bonferroni adjustment, as described in Hocking (1986).
The technique allows the overall type 1 error probability
to be .10 for a family of tests at a given site. For example,

'John Jones and Danny Childers are mathematical statisticians in the Decennial Statistical Studies Division
of the U. S. Census Bureau. This paper reports the results of research and analysis undertaken by Census Bureau
staff. It has undergone a more limited review than official U. S. Census Bureau publications. Research results and
conclusions expressed are those of the authors and do not necessarily indicate concurrence by the U. S. Census
Bureau. It is released to inform interested parties of current research and to encourage discussion.



the age variable at a given site has four non-missing
levels so that pairwise comparison of these levels results
in six (4 choose 2) different comparisons. The Bonferroni
adjustment reduces the significance level of each
individual test so that the overall type 1 error for the
entire family of tests is .10. Critical values of t are based
on this reduced significance level. Absolute values of
observed t statistics are reported and compared with
critical values of t. Only comparisons of non-missing
levels of post-strata variables are deemed to be important.

Duplicate persons are identified by name and often
live in duplicate housing units. To investigate the
agreement of duplicate persons with those persons being
duplicated (otherwise known as primary persons) on
gender, race, age, and housing tenure; we use the subset
of the E-sample database consisting of primary persons
and their associated duplicates. A new database is formed
with each individual record consisting of the primary
name, gender, age, race, and tenure linked with the
duplicate name, gender, race, and tenure. Some primary
persons have more than one duplicate; when this happens
a separate record is created for each primary-duplicate
pair. .
To analyze the randomness of duplication, we make a
comparison of percentages within levels of post-strata.
For every level of post-strata, we compare its percentage
occurrence among the duplicates with its percentage
occurrence among the nonduplicates and check for
significant differences. Again, standard errors of these
percentages are calculated via VPLX. If there are
significant differences, then the characteristic (level of
post-strata) in question is said to be more (or less) likely
to occur among duplicates than among nonduplicates.
The characteristic is then not a random occurrence. The
critical value calculation and subsequent hypothesis
testing proceed in a manner analagous to that used to
analyze duplication frequency.

3. The Frequency of E-sample Duplication and a
Description of the Duplicates

Table 1 gives the unweighted percentage of duplicates
that are in each site and the associated standard errors of
these percentages. Menominee has the highest percentage
of duplicates but it has the smallest population.

Table 1: Percentage of Duplicates in E-sample

Site ch"centage Standard error
SC 1.26 0.13
Sac 1.02, . 0.10
Men 422 0.83

Table 2 gives the unweighted percentage of males and
females that are duplicated at each site. The percentage
that is missing gender is also given. (Standard errors are
in parentheses). For each site, only the male-female
comparison is made and the critical value for each male-
female comparison is 1.65. Neither Menominee (t=0.49),
South Carolina (t=0.57), nor Sacramento (t=0.85) exhibit
significant gender difference in duplication frequency.
While Menominee has person records that are missing
gender, none of these individuals happen to be
duplicated.

Table 2: Percentage of Gender that are Duplicated

Male Female Missing
SC 1.31(0.14) { 1.37(0.14) { 0.22(0.10)
Sac 1.11(0.12) { 1.03(0.12) | 0.32(0.14)
Men 5.21(1.43) | 6.05(1.14) | 0.00(0.00)

Table 3 gives the duplicate percentage of each age
group. There are six comparisons made at each site,
implying that the critical value of t at each site is 2.39.
Neither South Carolina nor Menominee exhibit
significant age difference in duplication frequency. Note
that while there are person records with missing age in
Menominee, none of these individuals happen to be
duplicated. The only significant difference is between
persons aged 30-49 and persons aged 50 and over in
Sacramento (t=2.5). '



Table 3: Percentage of Age Grouping that are
Duplicated:

Table 6: Percentage of Housing Tenure that are
Duplicated

Table 4 gives duplicate percentage of race in both
Menominee and South Carolina while Table § gives the
duplicate percentage of race in Sacramento (Standard
errors are in parentheses). In Menominee and South
Carolina only one comparison is made so that the critical
value of t is 1.65. In Sacramento six racial comparisons
are made so that the critical value of t is 2.39. At each site
the observed t value for each comparison is less than the
critical value, meaning that there are no racial differences
in duplication frequency .

Table 4: Percentage of Race that are Duplicated:
South Carolina and Menominee

Site White Other Missing
SC 1.45(0.18) | 1.19(0.16) | 0.29(0.10)
Men 6.08(2.26) | 10.81(7.26) | 3.58(0.97)

Table 5: Percentage of Race that are Duplicated:
Sacramento

Age SC Sac Men Owner Renter Missing
0-17 1.23(0.18) 1.10(0.19) | 6.16(1.68) SC 1.00(0.21) |} 1.13(0.29) | 0.00(0.00)
18-29 | 1.44(0.24) 1.20(0.20) | 5.88(2.22) Sac 0.80(0.11) }.1.37(0.18) | 0.00(0.00)

30-49 1.37(0.15) 1.20(0.15) | 5.36(1.19) Men 5.92(1.71) | 4.69(2.98) | 0.00(0.00)

S0+ 1.45(0.18) 084(0.12) | 5.40(1.62) . 4. Comparison of Characteristics for the Linked

Missing | 0.18(0.08) {0.32(0.12) }0.00(0.00) | . Primary-Duplicate Pair

Next we describe the duplicates by examining the
extent of agreement on the post-strata between the
duplicates and those persons who are duplicated (primary
persons), Here, we use the database of linked primary-
duplicate pairs. Table 7 gives the percentage agreement
between primary persons and duplicate persons at each
site. With the exception of age and race in Sacramento
and housing tenure in South Carolina, there is at least
89% agrecment between primary persons and duplicate
persons on these variables.

Table 7: Percentage Agreement between Primary
persons and Duplicates on Post-Strata

Post Strata SC Sac Men
Gender 92.9 92.9 970
Age 91.1 88.6 94.0
Race 95.8 85.9 89.6
Tenure 78.0 89.9 92.5

White Black Asian Other Missing
1.16 1.09 0.78 1.17 044
(0.15) (0.22) (0.21) (0.20) (0.15)

Table 6 gives the percentage of housing unit owners
and renters that are duplicates at each site, There is one
comparison made at each site so that the critical value of
t is 1.65. Menominee (1=0.20) and South Carolina
(t=1.18) have no significant difference in duplication
frequency between owners and renters. In Sacramento
(1=2.90), there is strong evidence that more duplication
occurs among renters than among owners. There are
person records with missing housing tenure at each site,
however, none of those persons are duplicated.

Tables 8, 9, and 10 give cross-classifications of age in
Sacramento, race in Sacramento, and tenure in South
Carolina for the linked primary-duplicate database. These
are the three site-variable combinations which have less
than 90% percentage agreement. The rows are levels of
post-strata for the primary person while the columns are
levels of post-strata for the duplicates. Each table shows
that the numerous missing data fields contribute most
heavily to the low agreement percentage.



value of t is less than 1.96 in absolute value at each site,

Table 8: Cross Classification by Age in Sacramento
. . meaning that females occur equally among duplicates and
0-17 18-29 | 3049 |50+ Miss nonduplicates. For males, Menominee (t=1.50) and South
0-17 103 0 4 0 1 Carolina (t= 0.81) exhibit no significant difference.
However, in Sacramento (t=2.00) a significantly larger
18-29 1 62 4 1 2 percentage of duplicates than nonduplicates are male.
This does not imply that a significantly smaller
30-49 2 4 121 6 4 percentage of duplicates than nonduplicates are female
50+ ) 2 5 66 5 because of the existence of missing gender fields.
Miss 0 0 0 2 0 . Table 11: Gender Percentage of Duplicates and
»  Nonduplicates
Table 9: Cross Classification by Race in Sacramento Female Male
White Black { Asian | Other | Miss %dup %ndup %dup %ndup
White | 174 1 1 6 2 sC 50.81 |5229 |4274 |4627
Black 4 47 0 2 0 (4.52) (0.49) (4.43) (0.52)
. Sac 47.37 48.58 49.74 44.84
0 0 S 4 5
Asian 3 2359 |033) |4 |30
4 5 12
Other 0 i Men |S5224 (3784 |4627 |3s581
Miss | 4 0 2 3 5 (6.41) }(2.64) | (6.52) . |(2.38)

Table 10: Cross Classification by Tenure in South
Carolina

Owner Renter Missing
Owner 246 13 65
Renter 14 130 14

5. Randomness of Duplication

To learn which characteristics that duplicates are

likely to have, we compare the percentage of the -

occurrence of that characteristic (level of post-strata)
among the duplicate population with that same
percentage among the nonduplicate population and check
for significant differences.

Table 11 compares the percentage of duplicates that
are male and female with the percentage of nonduplicates
that are male and female. There are persons with missing
gender that are duplicates and persons with missing
gender that are nonduplicates but they are not the subject
of this study. At each site there are two comparisons
made: the percentage of duplicates that are male with the
percentage of nonduplicates that are male and the
percentage of duplicates that are female with the
percentage of nonduplicates that are fernale. The critical
value of the t-statistic is 1.96. For females, the observed

Table 12 gives the percentage of duplicates and
nonduplicates that are in each age category. At each site
there are four comparisons made, each comparison’ is
made at an alpha level of .025 and the corresponding
critical t value is 2.23. Menominee and Sacramento have
no significant differences while South Carolina has a
significantly higher percentage of duplicates than
nonduplicates over the age of 50 (t1=5.10).



Table 12: Age group Percentage of Duplicates and
Nonduplicates

Table 14: Racial Percentage of Duplicates and
Nonduplicates in Sacramento

Ages 0-17 Ages 18-29 “Fodup ondup
Fedup %ndup | %dup %ndup White 46.05 (4.41) 39.32 (1.60)
SC 22.58 25.27 8.87 14.19 Black 12.63 (3.15), 13.17 (0.68)
4.32 1.05) 3.27) 101
¢ ) ¢ ¢ (LoD Asian 10.00 (3.03) 15.04 (0.99)
Sac 26.32 24.90 17.11 14.98
(3.75) (0.75) (2.74) (0.46) Other 23.16 (3.28) 22.28 (0.87)
Men 3134 12313 11.94 8.41 ' Table 15 gives the percentage of duplicates and
(7.12) | (3.69) |@454) |(1.52) nonduplicates that are owners and renters. There are two
comparisons in each site so that the critical value of tis
Ages 30-49 Ages 50+ 1.96. In Menominee and South Carolina there are no
%dup %ndup | %dup %ndup significant differences for either owners or renters. In
Sacramento, there arc significant differences for both
sC 23.39 29.53 37.90 28.22 owners and renters (t=2.41 and t=3.44 respectively). A
(4.33) (0.64) (6.33) (1.25) significantly lower percentage of owners and a
significantly higher percentage of renters are duplicates
Sac 3211 28.45 18.68 2345 at this site.
(2.39) (048) (2.55) (0.87)
Men - | 2239 17.41 32.84 24.11 gabl; 15l Ttenure Percentage of Duplicates and
@.06) |(211) |(636) | (240 OnCUpicates
Owners Renters
Table 13 gives the percentage of duplicates and
nonduplicates in each racial category for Menominee and %dup %ndup | %dup %ndup
South Carolina. At these sites there are two comparisons sSC 64.52 59.54 35.48 34.56
made so that the critical value of tis 1.96. 4.74) (2.41) (4.74) (2.43)
Table 14 gives the percentage of duplicates and -
nonduplicates in each racial category for Sacramento. Sac 40.53 5145 5947 43.68
Here, there are four comparisons made so that the critical (4.83) (1.82) (4.83) (1.71)
value of t is 2.23. There are no significant differences in
the occurrence of each race among duplicates and Men 76.12 53.22 23.88 .| 23.35
nonduplicates at each site. (10.96) | (5.52) (10.96) | (8.48)

Table 13: Racial Percentage of Duplicates and
Nonduplicates in South Carolina and Menominee

Other White
% dup | % ndup ] %dup %ndup
SC 33.87 {4109 64.52 7.21
(8.27) | (3.09) 8.37 (3.08)
Men 2.99 2.30 32.84 18.00
(3.21) | (0.68) .81 | 4.23)

6. Conclusions

Duplicates are identified by name, and they generally
agree on race, gender, age, and housing tenure. Data
capture problems in the form of missing data ficlds
prevent more substantial agreement between primaries
and duplicates, although there are examples of
disagreement on post-strata.

Duplication occurs among both genders, all races, all
age strata, and with both owners and renters. Thereis a
significantly higher percentage of persons aged 30-49

- than persons aged 50 and over that are duplicated in

Sacramento. However, this does not occur at the other
sites. There is a significantly higher percentage of renters
that are duplicated than owners that are duplicated in
Sacramento. Again, there are no significant tenure



-

differences at the other sites. Because significant
differences do not occur at each site for 2 given variable,
we cannot conclude that there is always more duplication
in one level of post-strata than in another level of post-
strata.

Similarly, there are examples of significant differences
in the percentage occurrence of a characteristic between
duplicates and nonduplicates. In Sacramento, a relatively
higher percentage of duplicates than nonduplicates are
renters and 2 relatively lower percentage of duplicates
than nonduplicates are owners. Also, Sacramento has a
relatively higher percentage of duplicates that are male
than nonduplicates that are male. South Carolina has a
relatively higher percentage of duplicates than
nonduplicates over the age of fifty. However, these
differences do not repeat themselves at all sites.
Therefore, we cannot conclude that there are significant
differences in the percentage occurrence of a
characteristic (leve! of post-strata) among duplicates and
that same percentage among nonduplicates. The
significant differences that do occur are site-specific.

It appears that there is 2 limited amount to be learned
about duplication from examining post-strata alone.We
need to. investigate the relationship of duplication to
census operations to learn about the causes and
consequences of duplication.
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A, Introduction

This paper outlines procedures used to handle missing
data in the Census 2000 Dress Rehearsal Integrated
Coverage Measurement (ICM) sample. It also provides
a summary of the results of missing data processing. A
noninterview adjustment procedure, outlined in Section
C, is used to account for whole-household nonresponse.
A characteristic imputation procedure, outlinedin Section
D, is used to assign values for specific missing
demographic variables. Finally, persons with unresolved
match, residence, or enumeration status have probabilities
assigned based on a procedure outlined in Section E. The
missing data procedures are generally similar in effect to
those used for ICM in the 1996 Community Census and
the 1990 Post-Enumeration Survey (PES).
Methodologies and analysis of procedures are
documented in [1] for the 1990 PES, in [5] for the 1995
ICM, and in [4] for the 1996 ICM. Differences between
the Dress Rehearsal ICM missing data procedures and
those for 1990, 1995, and 1996 are outlined in [3].

Section B gives some general background. Section F
includes results from missing data processing and
discussion of their implications. Section G contains
conclusions.

B. General Background

The Census 2000 Dress Rehearsal is conducted in three
areas: Sacramento, CA; Menominee, W1; and Columbia,
SC. The South Carolina site is divided into two subsites
for the purposes of ICM sample selection and ICM
missing data processing. The ICM sample is selected
separately for each site and the two subsites. An
overview of the ICM sample design for the Dress
Rehearsal can be found in [6]. A general overview of
ICM operations in the Dress Rehearsal can be found in
[2].

The Dress Rehearsal uses Dual System Estimation
(DSE) to calculate estimates. DSE tries to obtain a roster
from the ICM blocks independently of the Census. The
independent roster (P-Sample) and the Census roster (E-
Sample) are matched and the results of the matching are
used to estimate the number of persons missed by both

rosters.  Estimates are calculated separately for
population subgroups called poststrata. Poststratum
estimates are summed to marginal totals which are used
to calculate the final estimates. The Dress Rehearsal uses
a DSE method called PES C. PES C uses person

- inmovers in the P-Sample poststratum estimates and uses

person outmovers to obtain poststratum estimates of
match probability for person inmovers. Further details on
DSE estimation for the Dress Rehearsal can be found in

[7.

C. Noninterview Adjustment

Noninterview adjustment is only performed on the P-
Sample. The noninterview adjustment procedure is
similar to the procedures use in the 1990 PES and the
1995 and 1996 ICM. However, there are two
noninterview adjustments in the Dress Rehearsal because
of the use of PES C estimation. The two noninterview
adjustments are basically identical to each other, except
for the reference date. One noninterview adjustment is
based on housing unit status as of Census Day. The other
noninterview adjustment is based on housing unit status
as of the day of ICM interview. Each noninterview
adjustment spreads the weights of noninterviewed units
over interviewed units in the same block cluster and
similar type of basic address. There are collapsing rules
if the number of interviewed units (in the block cluster x
type of basic address category) is too small compared to
the number of noninterviewed units. Person nonmovers
and person outmovers are used to determine Census Day
housing unit status. Person nonmovers and person
inmovers are used to determine ICM interview day

housing unit status.
Interview: A unit is an interview (for the given

reference date) if there is at least one person (with name
and at least one demographic characteristic) who possibly
or definitely was a resident of the housing unit on the
given reference date.

Noninterview: An occupied housing unit (as of the
given reference date) that is not an interview is a
noninterview.

The noninterview adjustment based on Census Day is
used to adjust the weights of person nonmovers and
person outmovers. The noninterview adjustment based
on day of ICM interview is used to adjust the weights of
person inmovers.
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D. Characteristic Imputation

P-Sample characteristic imputation for the Dress
Rehearsal is similar to characteristic imputation for the
1990 PES and the 1996 ICM. In a change from both
1990 and 1996, we use the demographic information
from the Dress Rehearsal Census edited file (CEF) for the
Dress Rehearsal E-Sample. Edits and imputation are
performed on this file. All E-Sample persons matched to
the CEF in the Dress Rehearsal. Because of this, no ICM

imputation was done in the Dress Rehearsal E-Sample. .

If we had needed to do ICM imputation in the E-Sample,
the methodology would have been basically the same as
the P-Sample methodology.

The variables imputed in the Dress Rehearsal are race,
Hispanic origin, sex, tenure, and age. P-Sample person
mover status is not conmsidered when imputing
characteristics. However, persons from a P-Sample
whole-household outmover interview are considered to
be a separate household for imputation purposes. Age
and sex distributions are calculated separately by site.

Tenure is imputed from the previous household with a
similar type of basic address (structure code in the E-
Sample) with tenure recorded. Missing race is imputed
from the distribution of race in the same household. Ifno
one in the household has a nonmissing value of race, then
the distribution of the nearest previous household with
reported race and similar Hispanic origin is used.
Hispanic origin is imputed from the distribution of
Hispanic origin in the same household (or the nearest
previous household with reported Hispanic origin and
similar race if no one in the household has nonmissing
Hispanic origin). Age is imputed from the distribution of
age for persons with similar relationship to reference
person, and age of reference person. For one-person
households, age is imputed from the distribution of age in
one-person houscholds.

Sex of reference person (with spouse present) or spouse
of reference person is imputed by assigning the person
with 2 missing value for sex the sex opposite to that of
their spouse. If both reference person and spouse have
sex missing, then sex for the reference person is imputed
from the distribution of sex for reference persons with
spouse present. The spouse is then assigned the sex
opposite to that of the reference person. For one-person
households, sex is imputed from the distribution of sex in
one-person households. For the reference person (with
no spouse present) of a multi-person household, the
distribution of sex for reference persons of multi-person
households with no spouse present is used. For persons
{exceptreference persons and spouses) from multi-person
households with non-missing relationship, sex is imputed
from the distribution of sex for persons (excluding

reference persons and spouses) from multi-person
households. For persons from multi-person households
with missing relationship, sex is imputed from the
distribution of sex for persons (excluding reference
persons) from multi-person households.

E. Assigning Match, . Residence, and Correct
Enumeration Probabilities

Probabilities for persons with unresolved final Census
Day residence (P-Sample), final match (P-Sample), or
final correct enumeration (E-Sample) status are estimated
by calculating weighted ratios based on persons with
resolved final status. Ratios are calculated separately for
each site and use the ICM sampling weights. The use of
ratios to estimate all three probabilities is new for the
DressRehearsal. In 1996, hierarchical logistic regression
was used to model residence and correct enumeration
probability and in 1990 and 1995 hierarchical logistic
regression was used to model match and correct
enumeration probability.

For Census Day residence status, three separate ratios
are calculated. The residence probability for unresolved
persons needing followup is the proportion of persons
needing followup who are residents. The residence
probability for unresolved persons who did not need
followup is the proportion of persons not needing
followup who areresidents. The residence probability for
persons with insufficient data for matching is the
proportion of all persons who are residents. The
proportions are based on person nonmovers and person
outmovers with resolved final residence status. The
Census Day residence probability for person inmovers is
irrelevant to estimation and was set to 0. Note that the
residence probability as of the date of ICM interview for
person inmovers and person nonmovers is assumed to be
1 (except that infants born after Census Day are not
considered to be ICM interview day residents).

Some person nonmovers and person outmovers have
unresolved match status. The match probability for these
persons is the proportion of matches among person
nonmovers and person outmovers with resolved final
match status (excluding confirmed Census Day
nonresidents). The match probability is set to 0 for
confirmed Census Day nonresidents. The match
probability for person inmovers is irrelevant to estimation
and was set to 0.

For E-Sample persons with unresolved enumeration
status, the correct enumeration probability is the
proportion of correct enumerations (among persons with
resolved enumeration status) in the given match code
group. E-Sample match code groups are defined by
before-followup match code, whole/partial match code,



address code (HU match status from HU matching), and
DSE followup status.

Special Cases

Large clusters were subsampled in the Dress Rehearsal.
If an E-Sample person is duplicated with K persons
subsampled out of the E-Sample, then the initial correct
enumeration probability is multiplied by 1/(K+1), since
we do not know which person is the "real” person.

A surrounding block search was done in a small

number of outlier clusters. Surrounding blocks in

Sacramento were generally eligible for Nonresponse |

Followup (NRFU) and Undeliverable As Addressed
vacant (UAA) sampling. If a P-Sample person matched
to a surrounding block person from the NRFU or UAA
sample, then the match "probability" of the P-Sample
person was set equal to the NRFU or UAA weight of the
surrounding block person. There were no E-Sample
persons duplicated in a surrounding block in the Dress
Rehearsal. If an E-Sample person had been verified to
belong in a surrounding block and also to be duplicated
with a surrounding block person in the NRFU or UAA
sample, then the E-Sample correct enumeration
“probability” would have been set to one minus the
NRFU or UAA weight of the surrounding block person.

F. Results

All counts in this document are unweighted counts.
Certain tables display results for only Sacramento. This
is in the interest of space and because the results from the
other sites were similar.

1. Noninterview Adjustment

Table 1 gives the noninterview rate by site for Census
Day interview status and ICM interview day interview
status. Noninterview rates based on Census Day status
tend to be higher than noninterview rates based on ICM
interview day status because all person nonmovers and
inmovers (except for persons born after Census Day) are
assumed to be ICM interview day residents, while there
are residence questions and other operations that can
make person nonmovers and outmovers Census Day
ponresidents.

Table 1: Noninterview Rates

Census Day Status ]ntervicw Day Status

NI Rate (%)| Occ HUINI Rate(%)[Occ HU

Sacramento 5.07] 1508 2.18 15217
Rural SC 4.04 7377 1.390 7391
Columbia 6.23] 8417 2.02] 8398
Menominee 1.68 416| 0.17 595

NI Rate is the noninterview rate.

Occ HU is the total number of occupied housing units,
2. P-Sample Characteristic Imputation

Table 2 gives the item imputation rates for Sacramento
for the five variables that were imputed. Rates are given
for three sets of persons. The first set consists of all
persons that are included with nonzero weights
somewhere in the P-Sample portion of the Dress
Rehearsal estimate. Specifically, this includes person
nonmovers who are Census Day residents or possible
residents from interviewed households based on Census
Day interview status, person inmovers from interviewed
households based on ICM interview day interview status,
and person outmovers from interviewed households
based on Census Day interview status. The second set
consists of those person inmovers included in the first set.
The third set consists of those person outmovers included
in the first set.

In general, the imputation rate for inmovers is slightly
higher than the overall rate, while the imputation rate for
outmovers is substantially higher than the overall rate for
age, Hispanic origin, and race. This is probably due to
outmover data ofien being collected by proxy.

Table 2: Item Imputation Rates (Percent)

Sacramento All Inmovers | Outmovers
Tenure 0.66 1.39 0.56
Sex 041 0.55 1.86
Age 2.14 2.79 8.90
Hispanic Origin | 1.29 |. 1.82 11.04
Race 2.13 2.53 13.01
Total persons | 37968 2368 1775

3. E-Sample Characteristic Imputation

The variables needed to assign poststrata (tenure, race,
Hispanic origin, age, -and sex) were obtained from the
Census Edited file. Because of this, there was no missing
data for these variables and no actual E-Sample
imputation was done by the ICM missing data system.

4. . Modeling for Unresolved Status

General Overview

Table 3 gives information on the proportion of persons
with unresolved status. Note that P-Sample persons with
insufficient information for matching are unresolved for
both residence status and match status, as are P-Sample
persons with a final code of possible match. The
proportion of unresolved persons is fairly small. Results
from the 1995 ICM [8], [9], [10] suggest that the method
for modeling for unresolved status does not have a major



effect on the estimates. Note that there was a
substantially higher proportion of unresolved persons in
the 1995 ICM, since roughly half of the persons needing
followup were sampled out of followup in 1995.

Table 3: Unresolved Status

nonresidents are not in the table. DSE followup
confirmed 551 persons as nonresidents in Sacramento.

Table 4: Before Followup Match Code and Final
Match Code for P-Sample Persons Sent to Followup
(Except for Confirmed Nonresidents)

Note that a few P and E-Sample persons identified as not Sacramento
needing followup have unresolved final status. Final Match Code
2. Percent Unresolved (Overall) BFU Match Code MS[MU] NR[NU| PKP|Total
P-Sample E-Sample Match (M) 208 O 7 O 1 O O 274
UR Insuff UR Match SurBIMMS)] O 2] Of O 9 O of 11
Sacramento 3.10 1.17 3.64 Nonmatch (NP) | 33| 0| 0[2167|570] 1| 112772
Rural SC 1.55 0.66 147 Poss Match (P) [165] Of 53] 916 249
Columbia 251 1.04 3.33 Total 400{ 2| 772220[58917 1|3306
Menominee 1.54 1.43 0.50 MR is matched resident, MS is matched resident,

P-Sample percentages are percentages of Census Day
residents and possible residents from interviewed
households (based on Census Day interview status). E-
Sample percentagesare percentagesof E-Sample persons.
P-Sample UR refers to persons with unresolved final
residence status. E-Sample UR refers to persons with
unresolved enumeration status before accounting for
duplication with persons subsampled out of the E-
Sample. Insuff indicates insufficient information for
matching.

b. Persons Sent to DSE Followup

matched to person in surrounding block, MU is matched
with unresolved residence status, NR is nonmatched
resident, NU is nonmatched with unresolved residence
status, P is possible match, KP is match not attempted
due to incomplete or invalid name

Table 5 shows the estimated residence probabilities
assigned to persons with unresolved residence status in
each site.

Table 5: Estimated Residence Probabilities
Site

P-Sample E-Sample Followup [Sacramento]Rural SC [ColumbiajMenominee
Tot |%UR |[%URM| Tot |%UR Status
Sacramento| 3306 | 20.7 | 0.5 | 5470 | 21.68 Sent 0.826 | 0.808 | 0.742 | 0.771
Rural SC 1144 | 13.1 0.6 2247 |10.95 " Not Sent 0.991 0.988 0.989 0.985*
Columbia | 1146 | 19.3 | 0.4 |3205 |17.72 Insuff Info] 0.976 | 0.976 | 0.972 | 0.969
Menominee| 86 | 15.1 0.0 101 | 5.94 * No unresolved persons in this category

P-Sample Tot is the number of residents and possible
residents sent to followup. P-Sample percentages are
percentages of P-Sample Tot. P-Sample UR are
unresolved residents, UR M refers to unresolved match
status after followup. E-Sample Tot is the number of E-
Sample persons sent to followup. E-Sample percentages
are percentages of E-Sample Tot. E-Sample UR are
unresolved enumeration status.

P-Sample

We see in Table 4 that DSE followup in the Dress
Rehearsal resolved the match status of almost all persons
sent to followup in Sacramento. We also see that DSE
followup almost never changed a before followup match
to a nonmatch (except for before followup matches to
surrounding blocks) and rarely changed a before
followup nonmatch to a match. Possible matches could
become cither matches or nonmatches (but more
frequently became matches). Note that confirmed

For illustration purposes, Table 6 contairis the counts of
confirmed residents, confirmed nonresidents, and
unresolved persons by match code group for Sacramento.
All persons included in the residence probability
calculations are included in Table 6. The proportion
resident in BFUGP 1 (matches and possible matches sent
to followup) tends to be somewhat higher than for other
persons sent to followup; the proportion resident in
BFUGP 3 (whole household nonmatches) tends to be
somewhat lower.



Table 6: Residence Status by Match Code Group

Sacramento
BFUGP” | Resident | Nonres [Unresolved | % Resident
of Resolved
1 422 18 112 95.91
2 1495 237 284 86.32
3 705 | 296 288 70.43
q 31719 | 276 3 99.14
5 0 0 421 —

*BFUGP is the P-Sample Match Code Group. BFUGP
1-3 are sent to followup. BFUGP 1 are matches and
possible matches. BFUGP 2 are partial household
nonmatches. BFUGP 3 are whole houschold
nonmatches. BFUGP 4 are persons resolved before
followup. BFUGP 5 are persons who have insufficient
information for matching (before followup status).

Table 7 gives a further breakdown of residence status
for BFUGP 3 (whole household nonmatches) for
Sacramento. A conflicting household is where the
housing unit matched and both the P-Sample and E-
Sample collected persons but none of the persons in
either the P-Sample or E-Sample households were
matches or possible matches. The proportion resident for
persons from conflicting households tends to be lower
than for the other persons from BFUGP 3.

insufficient information for matching. Persons in Table
9 are Census Day residents or possible residents. The
proportion matched tends to be slightly lower for person
outmovers than for person nonmovers.

Table 9: Match Status by Person Mover Status

Sacramento
Match [Nonmatch{ Unres 6 Match of
Resolved
Nonmover| 26528 | 7045 | 256 | 79.02
. Outmover | 901 591 183 60.39

-Sample

Table 10 shows the estimated initial correct
enumeration probabilities assigned to persons with
unresolved initial enumeration status in each site. Initial
correct enumeration probabilities are later modified to
account for duplication with persons subsampled out of
the E-Sample. Confirmed erroneous enumerations could
have had their probabilities modified for duplication in
surrounding blocks if there had been any such
duplication.

Table 10: Estimated Imitial Correct Enumeration
Probabilities

Site

Table 7: Residence Status for Whole Household BFUGP**[Sacramento[Rural SC [Columbia]Menominee
Nonmatches 1 0.940 0.879 0.943 0.475

Sacramento 2 0.874 0.849 | 0.864 0.774
Address Code [Resident [Nonres| Unres Po Resid of 3 0.741 0.732 0.800 0.384

Resolved 3 0.848 0.714 | 0.971 0.897*

HU Matched 215 29 101 88.11 5 0.951 0.888 0.959 0.944*
HU Not Matched 57 6 66 90.48 6 0.000* | 0.000* | 0.000* | 0.000*
Conflicting HH 433 261 | 121 62.39 * No unresolved persons in this category:

The "HU Matched" row excludes persons from
conflicting households.

Table 8 contains the estimated match probabilities
assigned to persons with unresolved match status. Most
of the persons with unresolved match status are persons
with insufficient information for matching (the others are
possible matches).

H
Table 8: Estimated Match Probabilities
[Sacramento|Rural SC [ColumbiajMenominee

Est Match

Prob 0.843 0.829

0.780 ' 0.727

Table 9 contains the counts of confirmed matches,
confirmed nonmatches, and persons with unresolved
match status by person mover status for Sacramento.
Most persons with unresolved match status have

**BFUGP is the E-Sample Match Code Group. BFUGP
1-4 are sent to followup. BFUGP 1 are matches and
possible matches. BFUGP 2 are partial household
nonmatches. BFUGP 3 are whole household nonmatches
where the address is matched. BFUGP 4 are whole
household nonmatches where the address is not matched.
BFUGP 5 are persons resolved before followup. BFUGP
6 are persons with insufficient information for matching
(before followup status).

Table 11 gives a further breakdown of residence status
for BFUGP 3 (whole household nonmatches where the
housing unit matched in housing unit matching) for
Sacramento. A conflicting household is where the
housing unit matched and both the P-Sample and E-
Sample collected persons but none of the persons in
either the P-Sample or E-Sample households were
matches or possible matches. The proportion correct



among persons from conflicting households in NRFU
tend to be lower than for the other persons from BFUGP
3.

Table 11: Initial Correct Enumeration Status for
Whole Household Nonmatches Where the HU
Matched

Sacramento
Corr | Erron |[Unres P4 Corr of Resolvd
BU Matched| 1089 | 156 | 559 87.47
ConflictHH,| 137 | 53 | 54 |  72.11
Not NRFU
Conflict HH,[ 117 | 248 | &5 32.05
NRFU

The "HU Matched" row excludes persons from
conflicting households.

G. Conclusions

The Dress Rehearsal ICM Missing Data seems to be
generally satisfactory. We probably want to put E-
Sample persons from conflicting households in NRFU in
their own match code group as these persons seem to
have a lower probability of being correct. We may also
want to split the remaining persons from BFUGP 3
(whole household nonmatches where HU matched in HU
matching) into two match code groups: non-NRFU
conflicting households and the remainder. On general
principle, we may also want to put matches needing
followup and possible matches needing followup into
separate match code groups.

For the P-Sample, we may want to calculate P-Sample
residence probabilities separately by match code group.
We may also want to put P-Sample persons from
conflicting households in their own match code group
and put matches and possible matches needing followup
into separate match code groups. In addition, we may
want to calculate match probabilities for insufficient
informationpeople separately for movers and nonmovers.
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The census of population each decade is the
Census Bureau’s largest and only constitutionally-
mandated program. Atthe close of the 20th century, there

has been much debate and action about the re-engineering

of the decennial census. A closer look at censuses over
time suggests both incremental and radical changes
throughout more than 200 years to improve census taking.
It is reasonable to expect that, in the 21st century, the
decennial census will encompass both continuity and
change, with improvements to the traditional census.

A Traditional Census

Beginning with the first census in 1790, the
traditional view of the decennial census was ' of an
enumerator writing down answers to a list of questions
from a head of household in order to capture a profile of
the U.S. population every decade. With the introduction
ofthe mailout/mailback questionnaire on  trial basis in the
1960 census, a major change occurred to the traditional
census, the shift from observer enumeration to self
enumeration (with one person providing responses for an
entire  household). This radical departure was
accompanied by the continuity that the population counts
remained based almost exclusively on physical
enumeration.

The current debate surrounding methodology for
Census 2000--that is whether a count primarily based on
physical enumeration but supplemented by sampling for
traditionally hard-to-enumerate populations is legal,
operationally feasible, and statistically defensible--has
brought attention to the meaning of a traditional census in
terms of the purpose and goals of the decennial census, as
well as methodology.

y  The basic purpose, as stated in Article 1, Section
2 of the Constitution, of the Decennial Census is
representation. This purpose has not changed. However
the specific forms of representation have changed over the
decades. In 1790, there were only three—representation for
apportionment of seats to the House of Representatives
among the states, representation for taxation, and

representation for military service. Given these various
forms of representation, the decennial census is the
central part of & broader statistical system designed to
produce data needed to implement legislation, assist in
decision-making in both industry and government, and
help understand changes taking place in our society
(Citro and Cohen, 1985: 16).

The initial and continuing goal of the decennial
census is a8 complete and accurate count of the residents
of the United States. While this goal remains for the 2000
and 2010 censuses, it has also been modified and
expanded by geographic and demographic changes.

In recent decades, complete and accurate counts
at other geographical levels were included to serve a
variety of federal and other interests. For example, in
1975 Public Law 94-171 was passed which required the
Census Bureau for the first time to make available to the
states, decennial census data for other than apportionment
purposes. Specifically, states could use populationcounts
from the Census Bureau below the national and state
levels. The expectation was raised that the Census
Bureau would provide population counts for small
geographic areas as small as city blocks. Although P.L.
94-171 requires the Census Bureau to furnish decennial
census tabulations to the states, the courts have clearly
held that the states may use other data sources for
redistricting purposes. With this expectatiqn, accuracy of
locating persons in the right state was complicated by
accurate placement in the correct smallest geographic
unit. )

This geographical refinement was accompanied
by a demographic one with focus on the differential
undercount. With slaves and other non-free persons
considered as three fifths of a unit for Congressional
apportionment, the concept of a differential undercount
was embedded in the Constitution and inherent to the first
decennial census and succeeding ones (Anderson, 1988:
12). With preparations for Census 2000, the differential
undercount continues, not in terms of some segments of
the population being counted as less than whole persons,
but in terms of being counted less comprehensively than

!This is an abbreviated version of the September 10, 1999 paper with the same title and authors.



the general population. These undercounted segments

have been defined to include historically disadvantaged
minority populations (Office of Management and Budget,
1978:19269-19270; Lott, 1998: 31-47).

While extensive evaluations of the 1990 census
by the Census Bureau confirmed the persistent and even
increasing undercount of minority populations, they also
expanded understanding of the hard-to-enumerate
populations beyond these discretely defined groups to
include persons with characteristics such as irregular

household arrangements, irregular housing, little or no’,

knowledge of English (and in some cases illiteracy in any
language), fear of government on the part of sample area
residents (leading to concealment of information), and
missed or erroneously censused housing units (de la
Puente,1993: 2).

Together, the geographical shift from national to
sub-national units and the demographic shift from the
national population to targeted undercounted small
populations have made the goal of a complete and accurate
countmore challenging. Since 1950 and particularly 1970,
the Census Bureau has attempted to meet this challenge
with research directed to key data collection operations
and methodology directed to coverage improvement.

A Dynamic, Evolving Census: Focus on Methodology

A balance between methodical research and
feasible implementation has characterized the historical
evolution of decennial census methodology. The Census
Bureau’s reputation has been built on the collection of
original, primary data via census and survey
questionnaires. The bureau has developed outstanding
competence in such fields as statistics, demography, and
social survey methods. It has pioneered significant
advances in methods of data collection and analysis.

At the same time, as American society expands
and becomes increasingly diverse, the Census Bureau’s
major focus on primary data collection has become
problematic. As early as the 1970s, the strengths and
limitations of primary data collection were noted. “...Yet
the Bureau’s attention has been sharply focused on one
research instrument--the census questionnaire—and on one
research framework--the various methods of delivering,
retrieving, and interpreting completed census forms.
Research and evaluation efforts in this context have
produced important findings, most notably the sizable
enumerator contribution to response variance. But, as the
Bureau becomes increasingly concerned with the
enumeration of small population subgroups, styles of
problem definition and research design that have served it

well in the past may become less productive of
manageable solutions to census-taking deficiencies”
(Parsons, 1972: 47).

Till now, the major supplement to primary data
collection in the decennial census has been coverage
improvement programs. The 1970, 1980, and 1990
censuses, using primarily a mailout/mailback
questionnaire to collect original data were all
supplemented by coverage improvement procedures. In
recent decades, the limitations of this mode of data
collection were critiqued and evaluated not just by the
Census Bureau but by the panels and committees of the
National Academy of Sciences and the General
Accounting Office (Goldfield, 1992). These assessments
concluded the difficulty and improbability of a complete
count of the American people by physical enumeration
even with extensive coverage improvements.

The criticism of undercoverage in the decennial
census must be viewed in perspective. Very few, if any,
censuses and surveys command the high response rate of
the decennial census. Moreover, they do not have
resources like the Census Bureau to examine and evaluate
their performance in-depth with respect to statistical and
non statistical errors. It is because of its rigorous
assessment of the accuracy and comprehensiveness of the
decennial count that the Census Bureau is able to pinpoint
undercounts by specific population and geographical
area. In particular, the 1990 census documented the
wide range, complexity, and diversity of the United
States population in an era of increased and diverse
immigration, growing and more visible interracial and
interethnic unions, and a more mobile population. It also
conducted the most extensive evaluation of important
limitations. -

The National Academy of Sciences’ report on
the design of Census 2000, Modernizing the U.S. Census,
while critically delineating the shortcomings of the 1990
census, examined and dismissedradical alternatives to the
traditional census for 2000. Specifically, the academy
panel dismissed these alternatives stating that a national
register for the United States was not a feasible
replacement for the decennial census; that an
administrative records census was not a feasible option
for 2000; that a decennial census conducted by the U.S.
Postal Service would not be cost effective or an
improvement over the conventional census; and finally
that a rolling or sample census was not an acceptable
replacement for the 2000 decennial census (Edmonston
and Schultze, 1995: 13-14). The report’s major
conclusion was that, “To improve the census results, and
especially to reduce the differential undercount, the panel



recommends that the estimates achieved through physical
enumeration and sampling for nonresponse be further
improved and completed through survey techniques. The
census should be designed as an integrated whole, to
produce the best single-number count for the resources
available., The Census Bureau should publish the
procedures used to produce its final counts, as well as an
assessment of their accuracy” (Edmonston and Schuitze,
1995: 4).

With less than a year before Census 2000, major
reliance on use of a physical enumeration
mailout/mailback questionnaire ensures a traditional
census. Furthermore, the Supreme Court ruled in January,
1999 that for Congressional apportionment an unadjusted
head count is the sole acceptable method. For
apportionment purposes, administrative records and
sampling—for nonresponse follow up or to adjust the initial
count--to complement or replace a nationwide physical
enumeration were dismissed. For other uses of decennial
census data, namely state redistricting and allocation of
federal resources, the ability to use more than a national
physical enumeration remains unresolved. While the
Supreme Court decision did not bar adjustment for other
than apportionment purposes and current Bureau plans are
to adjust for these other purposes, the states are divided on
the use of adjusted decennial census counts. It is within
this context that the planning for the 2010 census proceeds.

The Decennial Census in the 21st Century

There are two important lesson to be learned from
the results of the censuses from 1950 through 1990 and in
the unanswered questions still remaining in the planning,
implementation, findings and evaluation of Census 2000.
First is the need for preserving traditional components of
the decennial census that are effective in accomplishing its
goal of a complete and accurate population count while
reaching out openly and flexibly to new or improved ways
in which to capture the ever-growing complexity of
demographic and geographic continuity and change.
Second is the need to plan an integrated program where the
whole is greater than the sum of its parts. Continuity,
change and improvements to the traditional census are
manifested in the research and development program for
FY 2001-2005.

In preparation for the 2010 census, the Census
Bureau hasrecently contracted with the National Academy
of Sciences to advise on future methods which can
improve upon traditional census measures, with particular
attention to the effective and appropriate uses of
administrative records and the role of technology, as well

via a '\

as conventional research methodology . While such an
investigation is in keeping with the continuity of multi-
year, multi-decade research and testing, plans for the
2010 census are also receptive to flexibility and change.
The latter is particularly important given the progress of
relatively recent Census Bureau programs including the
American Community Survey (ACS), Community
Address Updating System (CAUS), and Administrative
Records Research (ARR). If and when fully
implemented, the American Community Survey will
collect annually long form, socio-economic data
traditionally collected in the decennial census. The
Community Address Updating System will allow for
continuing update of the Master Address File throughout
the decade. Administrative Records Research will
provide 2 comparative data base. Additionally the 2010
census will be adaptable to the impact of expanding
telecommunicationson amailout/mailbackquestionnaire.

The 2010 planning program is directed towards
two integrations. One is the integration of the
components of the decennial census program with each
other, and the other is the ongoing, throughout-the-decade
integration of the 2010 planning program with related
Census Bureau substantive programs, including the
American Community Survey, the Master Address File,
AdministrativeRecords Research, Demographic Analysis
and the Coordinated Operations and Methods to Produce
Annual Social Statistics (COMPASS), Integrated
Information Solutions including the  American
FactFinder, and with major Census Burean supportive
programs, such as communications and consultations
with all stakeholders, including Census Advisory
Committees, and customer satisfaction with products and
services. -

2010 Census Planning and Testing Program, FY 2001
to 2005

The 2010 census program differs from prior
decennial censuses by its much earlier start of full scale
planning and testing and its decade-long integration with
related non-decennial programs. In the Census 2000
cycle, full-scale planning and testing did not begin until
1993, By 1995, when major census tests were conducted,
many alternatives to the census process had not benefitted
from complete research due to the truncated time
available. The Census Bureau had a limited set of
performance measures for assessing design alternatives.
Some decisions had to be made with incomplete
information. Some promising innovations had to be
dropped. A fully-funded planning and testing program



that begins in FY 2001 will: 1) allow two additior.al years
before & major mid-decade test of the most promising
alternatives, 2) provide the opportunity for a full use of
performance measures to assess and compare options, and
3) allow us to pursue innovations that might otherwise
have to be dropped. '

The objectives of the 2010 census program in the
years FY 2001-2005 are to examine and propose
alternatives that will:

Reduce the cost of the census

Improve coverage of the population by reducing '

the differential undercount

4 Increase mail response rates and reduce
respondent burden

> Improve our ability to gain accurate responses
and locate persons geographically

d Maintain and refine an open process with all
stakeholders throughout the decade

> Spread the cost of data collection more evenly
throughout the decade while reducing risk,
simplifying logistics, and improving
manageability

To achieve these objectives, we will implement
the following strategies:

4 Integrate 2010 census development and design
with the implementation of the American
Community Survey and the development of the
Community Address Updating System and
Integrated Information Solutions program

> Continue reengineering the data collection
operation, the major component of the census
process, through a program of analyzing and
testing:

--New Technologies to Improve Mail Response
—Incentives to Improve Response
--Administrative records to enumerate
nonresponding households, or to use as a
primary data collection method on & decennial
or more frequent basis

And through the utilization of the:

~Community AddressUpdating System (CAUS)
to improve mailout coverage

--ACS program to remove the long form from
the decennial census

--ACS program to develop local community
knowledge and survey and census support
systems

4 Develop, test and analyze potential
improvements to the operational components of
Census 2000 that will be necessary to meet
census objectives.

The full program as currently proposed will
yield a number of benefits, both tangible and intangible.
An early, fully-funded program will allow the Census
Bureau to smooth its decennial census staffing
requirements, since the presence of personnel early in the
program will relieve major hiring requirements at
headquarters later in the decade. Similarly, 22010 census
that does not require 2 long form because of the
integration of the census and the American Community
Survey (ACS), and has reduced field address and block
listing requirements due to 2 successfully-incorporated
ongoing and updated MAF, will have lower dollar
requirements in the years 2009 and 2010.  Substantial
costs and staffing requirements arose in the middle and
late parts of the decade to redesign basic operational
systems for Census 2000. Preserving core elements of
the Census 2000 systems infrastructure, such as the
master activity schedule, cost and progress system,
payroll system, and recruiting and contracting programs,
will obviate the need for recreating these systems later in
the decade, reducing both cost and staff requirements,
and increasing their effectiveness due to earlier
availability in the cycle. Certain potential innovations,
such as an administrativerecords-based census, add to the
opportunities for smoothing costs throughout the cycle.
The Census Bureau will determine the best organizational
strategy through which to manage a major planning and
testing program involving the participation of alarge staff
and divisions cutting across Census Bureau directorates,
seeking efficiencies with the current organizational
structure and the availability of decennial census
personnel as Census 2000 wanes.

We will measure performance and track the
realization of benefits through an ongoing evaluation and
comparative analysis of new methodologies or
operational improvements using the following
performance measurement data:

> total cost of alternatives using census cost
models
> total accuracy of alternatives including the use



of total error modeling
> value of the data to the Nation when design
alternatives yield different content or geographic
levels of accuracy

> managerial feasibility of implementing proposed
operational alternatives )
> acceptability of the design to stakeholders

The 2010 Census is being planned and will be

implemented within the context of geographic and |
demographic continuity and changes which have shaped

the conceptual, methodological and operational
improvements to the traditional census over 200 years,
More than any prior census, the 2010 Census will be
defined by a longer planning lead time which allows for a)
smooth integration of all major components with each
other and b) effective use of resources throughout the
decade. Also, the 2010 census will be distinct from
previous censuses by its decade-long integration with
major substantive and supportive programs of the Census
Bureau.
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Accounting for Changes from the 1990 Post Enumeration Survey Methodology in the
2000 Accuracy and Coverage Evaluation Sample Design
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Abstract: The Accuracy and Coverage Evaluation
(A.C.E.) survey will have adifferent methodology than
the 1990 Post-Enumneration Survey (PES).  This
research was done prior to the Supreme Court ruling
when the Integrated Coverage Measurement (ICM)
survey was being designed. Since the A.C.E. sample
will be a subsample of the ICM design, studying
differences between the ICM and PES will address
differences between the A.C.E. and the PES and
provide information for the A.C.E. survey design.
Previous ICM samiple design research used data from
the PES while not considering these differences. This
research focused on accounting for the changes in
methodology when simulating coefficients of varjation.
The sample design and operational differences between
the ICM and the PES were the primary changes
investigated. ~While some differences could be
accounted, other 1990 conditions are identified that
could not. While this design will not be used in 2000,
this research investigated how different variance
estimations might have affected the simulated
reliability. The effect of this design on minority and
non-minority estimates is also discussed.

L. Introduction

This paper presents methods to calculate variance
estimates and simulate coefficients of variation (CV)
for the Integrated Coverage Measurement (ICM)
design that are based on 1990 PES data. Previous
sample design research assumed 1990 methods instead
of reflecting the 2000 ICM methodology. These
methods account for differences between the 1990 PES
and the ICM. The first method was the differential
weighting of the 1990 design. Itdid notaccount forthe
2000 ICM design where proportional allocation should
lead to more equal weighting. Other changed methods
are |) surrounding block search will not be performed
for all blocks and 2) the effects of small block cluster!
weighting. This analysis attempted to account, to some
extent, for the methodology changes.

Results are examined for the ICM sample size of
750,000 housing units. This sample had been allocated
to the 50 states and the District of Columbia. Within
each state, a proportional allocation was planned. This

'Small block clusters have between 0 and 2 housing units.

design would produce efficient direct state total
population estimates. However, we wanted to examine
the reliability for state subgroup population estimates.
This rescarch examined four demographic group
estimates in each state. While these were not going to
be the estimates produced in 2000, it allowed us to see

. how this ICM sample design might have affected

minority and noa-minority estimates.

This analysis presents a variance estimate methodology
for accounting for these changes in this 2000 ICM

" design. Three types of variance estimate methods are

examined: direct calculation, synthetic groupings- and
a mixture of these two methods.

Section IT describes the differences in methodology
between the PES and ICM. Section I discusses the
rescarch methodology used in this analysis. Section

IV provides a brief summary.

. Difference in Methodology between PES and
ICM

Changes between the 1990 and 2000 methodologies
that we attempted to reflect in the reliability estimates
are:

. Sample Design: The ICM plan was to
conduct a state-based self-weighting design.
This will produce more efficient estimates for
state total population estimates.  This
methodology involves removing the effect of
differential weighting of the 1990 PES design
and replacing it with the self-weighting of the
ICM plan.

The author is 2 mathematical statistician in the Decennial Stadistical
Studies Division of the US Census Bureau. This paper reports the
results of research and analysis undertaken by Census Bureau staff,
It has undergone a more limited review than official Census Bureau
publications. Research results and conclusions expressed are those
of the author and do not necessarily indicate concurrence by the

Census Bureau. It is released to encourage discussion.



. Surrounding block search: In 1990, a
surrounding block search of 1 to 2 rings was
performed for all sampled blocks. In 2000
ICM, the plan was to only perform a 1 ring
surrounding block search for 20% of the
sampled blocks. An adjustment has been
made to compensate for the decrease in
surrounding block search.

Since this research uses 1990 Census and PES data, the
methodology assumes that certain results from 1990
occur again in 2000. These results are:

. The Master Address File is 99% complete.

. There was a 98% ICM Response Rate. (This
was the respoase rate for the 1950 PES ).

. The total Census 2000 estimated undercoun
is 1.8%. :

. _-100% accurate data capture in the Census.

If any of the above conditions are not met then the
reliability estimates will increase.

One difference between the 1990 and 2000 ICM
methodologies that we have not reflected in these
estimates is:

. Handling movers: There is a period of time
between Census day and when the ICM
interview would have been conducted.
During that period, people can and do move.
In 1990, a procedure known as PES-B
accounted for the movers in the estimation. In
the current 2000 plan, a procedure known as
PES-C will be used®. This methodology does
not reflect how the difference in handling
movers procedures can affect the reliability
estimates.

zPFS-B matches the ceasus enumerations at the inmover’s census
day address to estimate movers. PES-C estimates match rate by
matching outmovers but estimates number and characteristics
from inmovers.

OI. Research Methodology

Step 1: Obtain Direct Variance Estimates from
1990 PES

The direct variance of the Dual System Estimate (DSE)
for a Census division/poststrata were calculated. For
purposes of this work, each division had i = 28 possible
poststrata. The 28 poststrata were formed by the cross-
classification of 7 age/sex, 2 race/ethnicity (minority,
non-minority) and 2 tenure (owner, reater) categories.

. The variance was calculated by:

Var (DSEi.E~SlmpIcE:ﬁmate) = Elz var(CFi)

- where E, is the ratio adjusted weighted E-sample size

estimate and Var(CF) is the coverage factor variance
for the ith division/poststratum using a jackknife
methodology on 1990 PES data. The ratio adjusted
weighted E-sample size was used as an estimate of the
unadjusted Census count in the above calculation.

The actual Census count should have been used
instead. Because of this, Census counts for each
division/poststratum state were obtained. Since the
DSE variance is a function of the Census count
squared, we recalculated the DSE variance with the
actual Census count.

The variance of the Dual System Estimate was set
equal to DSE variance using the E-Sample estimate
times the Census count squared divided by the ratio
adjusted weighted E-sample estimate squared.

C'z Var (DSE, . ample Esumate
Var (DSE;) = | E'-IES ple E )

‘where Var (DSE) is the variance of the Dual System

Estimate, C, is the Census count, E, is the ratio adjusted
weighted E-sample estimate and Var(DSE, g. s mpie gsuumaie)
is the DSE variance using the E-sample estimate in the
ith poststratum in a division.

. Step 2: Obtain Variances for the Four Collapsed
+* Poststrata in a Division

In addition to looking at the reliability of the total state
estimate, we wanted to investigate the reliability of



certain groups within a state. The four groups

examined were Majority Owners, Majority Renters, -

Minority Owners and Minority Renters. The Minority
groups consisted of Black, Non-Black Hispanic, Asian
and Pacific Islander, and American Indians on
Reservations. These four groups were formed by
collapsing the 28 poststrata from the previous step
across the seven Age-Sex levels. There was a
significant amount of covariance among the Age-Sex
levels that was reflected in the DSE variance of the
four collapsed groups. The pational correlation
between the Age-Sex levels for each of the four
collapsed groups was estimated using 1990 PES data.

The four collapsed poststrata DSE Variances were
calculated as follows: .

Var (DSEi.)— ZVar (DSE,,) +

aal

ZZZCov(DSEi..,,DSBi.,,)

1<h

where Var(DSE,.) = DSE Variance for
Division/Collapsed Poststratum (4 Levels),
Var(DSE.. ) = DSE Variance for Division/Collapsed
Poststratun/Age-Sex Levels (7),

Cov(DSE,. ,,DSE..,) = DSE Covariance between Age-
Sex Levels within a collapsed poststratum for a
Division.

The national covariance structure across the age-sex
levels was assumed appropriate for a collapsed
poststratum. The DSE covariance betwesn age-sex
levels was calculated as follows:

Cov(DSE,.,.DSE,.,) = § /Var(DSE,.,) Var(DSE,.,)

where p = Correlation between national age-sex

levels for collapscd postsuwatum based on the 1930
PES.

Step 3: Obtain Variance ..C'omponent Independent
of Sample Size and Weights

The 1990 PES design had differential weights based on
the sampling strata. This step factored out of the DSE

\

variance in a Division/collapsed poststratum, the effect
of sample size and the differential weighting of the
1990 PES. This variance component of the DSE in a
Division/collapsed poststratum, O .2, was calculated
from the following formula.

. _ Var (DSE,)

G.
n.,
~ 2
E Wisj
i=1

1

where w,.; = the inverse probability of selection in the
1990 PES, n,. =the number of E-sample people in the

i*h Division/poststratum in the 1990 PES.

Step 4: Obtain the Person Sample Sizes by State

For each state, the block cluster sample sizes needed to
be converted into people sample sizes. The block
cluster is the basic unit of sampling for the A.C.E. The
person sample size for each state was estimated by the
number of block clusters allocated times the average
number of E-sample cases per block cluster in the
division in the 1990 PES. This accounted for different
densities of people per block cluster across the United
States. The state person sample size was then
proportionately allocated to the 4 collapsed poststrata
based oa the 1990 Census population. Letn,.,’ be the
resulting sample for collapsed poststratum i* within
state s.

Step 5: Estimate Variance for ihe Allocation by
Division/Poststrata

The variance of the DSE for a Division/collapsed
poststrata was shown earlier to be a function of the
variance component, & .2, sample size, 1., and the
weights, w.;. The amount of sample in each
Division/collapsed poststratum will change from the
1990 PES to this design. A new estimate of the
variance of the DSE for 2 Division/collapsed poststrata
was calculated based on the new sample size and
weights.



kK n,
Var *(DSE,. puisior) = Oo 21 Y wi,
s=1 I

—

where w,. ,* = the inverse probability of selection in the

ICM self-weighting design and k =the nurnber of states
in a division.

The variance of the Coverage Factor for a
Division/collapsed poststrata is equal to the variance of
the DSE divided by the square of the unadjusted
Census Estimate,

. Var*(DSE
Var *(CF,, owigion) = ar( e Dhison)

2
Cl-,DMdon

Step 6: Estimate Variances and Simulate
Coefficients of Variation for States

Three types of variance calculations estimated three
types of methods, direct, synthetic and mixed. The
variance estimate of the DSE for direct state estimates
and synthetic state estimates was calculated based on
the proportional allocation of the medium and large
block cluster sample. Direct estimates were calculated
by only using the sample allocated to the state.

Synthetic estimates were calculated by forming
groupings by Census division. A state demographic
group coverage factor variance estimate “borrowed
strength” by using the division group coverage factor
variance estimate. One limitation of this analysis is
that while synthetic variances tend to be lower than
direct, the bias introduced is unknowmn.

A mixed estimate was calculated using a direct estimate

for some of the collapsed poststrata and a synthetic’

estimate for the remaining. The variance estimates
were adjusted to account for 1) surrounding block
search not being performed for all blocks and

2) the effect of small block, weighting.

The variance estimates are calculated by summing over
the 4 collapsed poststrata (i*) in each state. Since there
was small correlation among the four collapsed

poststrata at a national level in 1990, the covariance
among the four collapsed poststrata was ignored.

For Direct State Estimates:
O 4 . o2
Var (X,p) = 121%%..0;’. ADJs, sk ABVgmar giock

where n,.,” = the sample size (in persoas) allocated to

: state/poststratum for the design,

-

W, = inverse of the probability of selection for the
design,

ADJ .. 31 = adjustment for doing surrounding block
search in only 20% of the blocks,

* ADJgnan suex = 2djustment for small block weighting

effect.
For Synthetic State Estimates:

4
Var Rignd = I}:qu. VAr “(CF . goumar) AD s, thoae ACY srnnt et

For Mixed State Estimates:

M) L 0Lwioh A, e AD g ek
1seMaj.

. l-§4m. Gl Var(CF. armgey) Amlar Soue AD gt i - -

where direct estimates are used for Non-Minority
Ovwners and Non-Minority Renters and synthetic
estimates are used for Minority Owners and Minority
Renters.

Coefficients of variation can be calculated using the
variance methodologies described above and the 1990
DSE estimates.

IV. Summary

The graphs on the following page show simulated
cocfficients of variation (CV) estimates based on
direct, synthetic and mixed variance methods for the 50

" states and the District of Columbia. These five graphs

compare the simulated CVs forthe Total Population,



Non-Minority Owner, Non-Minority Renter, Minority
Owner and Minority Renter.

The direct simulated CVs were all below
0.5%. This reliability would have been
needed in order to use these estimates for
reapportionment. '

Non-minority direct simulated CVs were all
below 0.9% for the direct estimation. Using
synthetic estimation lowered the reliability to
between 0.1% and 0.4%.

For Minority estimates, the direct owner
simulated CVs were higher than 3.0% for 10
states. For renters, the direct simulated CVs
were higher than 3.0% id 21 states. However,
the synthetic CVs were only higher than 3.0%
for only three states for both owners and
renters.

V. Futu_rg Research

Future research will involve using this methodology to
simulate CVs for possible A.C.E. sample designs.
Possible areas for investigation are:

Simulating 1990 Poststrata, synthetic state and
synthetic congressional district CVs. For
various A.C.E. sample designs, these
simulated CV's can be estimated. This will
allow comparisons of the sample design effect
on demographic/tenure, state total population
and substate area reliabilities.

Using different synthetic groupings instead of
Census divisions. Alternative groupings may
have more similar coverage properties while
less bias is introduced.
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CENSUS 2000: DEVELOPING A TRADITIONAL CENSUS PLAN

Fay F. Nash, Laureen H. Moyer and Herbert F. Stackhouse, U.S. Census Bureau
Fay F. Nash, U.S. Burecau of the Census, Decennial Management Division, Suitland, MD 20233-7100
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A. Introduction

In the spring of 1998, the United States Census Bureau
embarked upon an intensive planning process to develop
an altemative approach to conducting Census 2000
without the use of statistical sampling. This plan was
publicly released in January 1999. Later that month, the
US Supreme Court held that the Census Bureau could not
use statistical sampling for reapportionment purposes, but
Ieft open the issue of using statistical sampling techniques
for other purposes, such as state redistricting, allocation
of federal funds and the Bureau’s intercensal population
estimates program. In response to that decision, the
Census Bureau modified the plan for taking the Census
by using a more traditional approach, and it is now
implementing that modified plan.

This paper first describes the planning process and then
discusses the current plan for conducting a traditional
census.

B. Focus of the Planning Process

A census without the use of statistical sampling has two
fundamental differences: 1) Census Bureau staff would
personally visit and collect data from all households not
responding to the census by mail and 2) the accuracy of
the data must depend solely on improved collection,
rather than 2 combination of data collection and
evaluation. Therefore, the planning effort focused on
strategies to facilitate conducting the Nonresponse

Followup operation and strategies designed to improve

quality, in general, and coverage, in particular.

C. Steps of the Planning Process
1

The planning process began with a review of 1990
Census methodologies and subsequent research to
identify programs or operations that were candidates for
consideration because of their applicability to the two
broad strategies of interest. A compilation of potential
operations identified through this process was submitted
to the US Congress in April 1998.

An initial framework was developed showing how broad
components of programs and operations might fit

together, integrating traditional methods with those
components that are necessary for any census
methodology. Twenty components were identified for
further research by teams of Census Bureau staff; and
charters describing the teams’ goals and responsibilities
were written.

In July 1998 the framework and 20 component charters
were in place for consideration by staff teams. All
Census Burcau divisions involved in the census were
included in the teams which conducted the detailed
research and analysis work. For 3 months over 200
Bureau staff participated. This exercise was an enormous
drain on staff resources. Census Day was less than two
years away and there was intensive work underway on
implementation activities applicable to any census design.
Additionally, the Bureau was engaged in processing and
evaluating data from the 1998 Dress Rehearsal in
preparation for Census 2000.

Eachteam proposed ideas for enhancements to the census
plan, analyzing operational issues, evaluating the benefit
to be achieved, estimating operational workloads and
other cost assumptions, determining activity durations for
scheduling purposes, and, finally, recommending those
proposals considered by the team to be viable candidates
for inclusion in the traditional census plan. The teams
consisted of technical staff with expertise in the area of
consideration. No limitations of resource needs or cost
constraints were placed on the teams as they considered
proposals. Therefore the operational analyses conducted
were based on more operational and objective measures
of data availability, processing capacity, availability of
necessary technical knowledge, and the like.

The final step of the planning process was to evaluate
cach of the recommended proposals, winnow out those
that would nof be considered further, and to incorporate
the resulting proposal into a comprehensive plan that was
credible and met the goals for Census 2000. Each
proposal was evaluated on several factors. The major
factor was its capability to meet the Bureau’s data quality
goal, defined as reducing the differential and net
undercounts while maintaining a minimal level of
erroneous enumerations (in which an individual is
counted as more than one person). Another important
factor considered was the ease of implementation. In the
years prior to the Census, the Bureau was restricted by
staffing and other budgetary ceilings, both in its regional



offices and at headquarters. Any proposal that required
additional experienced staff, was considered difficult to
implement (not feasible), given that Census Daywas only
one year away. Two other factors were considered
(though they bore less weight in evaluating and deciding
on proposals): impact on public perception and data
quality. Cost was not a consideration, provided the
proposal was deemed beneficial in improving coverage.

This stage of the planning process was performed by the
operational managers from those divisions with
responsibility for Census 2000. These were the persons
who had the expertise regarding potential coverage
improvement gains and other quality measures, and were
also the ones with detailed knowledge about the amount
of effort required for implementation and availability of
resources. The analysis of the proposals and the
integration of the final components into a comprehensive
plan took considerable time from the operational
managers’ work schedules during the month of October.

After receiving input from the executive staff of the
Census Bureau, the final plan was compiled and made
available to the Department of Commerce and then the
Congress. Staff also developed a milestone schedule of
major activities and a ballpark cost estimate. This cost
estimate was a rough approximation because the specific
details of each operation had not yet been worked out.

The US Supreme Court decision of January 1999
prompted the Census Bureau to immediately work out the
detailed activities of the traditional census plan. The
entire 4,000 line Master Activity Schedule was updated
to reflect the new plan and details delivered to the US
Congress in March. The President's Census 2000 budget
request for fiscal year 2000 was revised and delivered to
the US Congress by June. The updated plan is being
implemented.

D. Traditional Census Components of the Current
Census 2000 Operational Plan

There are major operations fundamental to taking a
census imrespective of specific design options. For
example, the Bureau has to develop a master list of
residential addresses and assign those addresses to their
proper geography for tabulation purposes. Content must
be determined and questionnaires designed and printed to
collectthe agreed upon data. Field infrastructure and data
processing systems need to be designed to collect and
process the information. Data dissemination methods
need to be established. The Bureau routinely develops an
evaluation and research program to inform its planning
process for the next decade. This paper deals only with

those components which are unique to the traditional
census design or are enhancements to the components
planned for the sampling census.

The traditional census components can be categorized
into five major classes: 1) methods to improve public
response, 2) methods to facilitate the Nonresponse
Followup operation, 3) coverage improvement methods,
4) quazlity assurance and training enhancements, and 5)
the accuracy and coverage evaluation program.

1. Methods to Improve Public Response

Methods to improve public response directly affect how
much nonresponse followup the Bureau must plan for.
Either the US Postal Service or Census staff will deliver
questionnaires to most of the addresses in the United
States. The Census Bureau projects that 61% of the
households will mail these questionnaires back to the
Bureau for processing. Thus, census staff need to visit
the remaining 39%, or 45 million addresses, to collect the
data in person. Needless to say, doorstep interviewing is
labor-intensive and requires substantial staffing
resources. Strategies that increase public response will
directly result in decreasing the Nonresponse Followup
workload, facilitating the operation.

The traditional census plan augmented two of the
sampling census programs to improve public response:
the partnership program, and the paid advertising and
promotion program. The partnership program works with
governmental entities and community organizations to
foster awareness and gain cooperation. The traditional
census plan increases the number of partnership staff to
644 so that the Bureau has the ability to foster
cooperative relationships with additional governments
and community organizations that represent historically
hard-to-enurnerate groups. The Burcau will also provide
limited in-kind funding to support partners in generating
awareness of and motivating participation in the census.
Examples of such support include printing posters with
the community’s own logo that promote the Census and
buying media time and print space from local media
outlets.  This is particularly important to small
governments and community organizations that lack
funds.

Census 2000 is the first census to use a paid advertising
campaign rather than to rely on public service
announcements to encourage households to return their
questionnaires by mail. Motivation to return the census
questionnaires is the primary message of the campaign.
The traditional census plan expands the paid advertising
campaign to include two new messages. The first is an



educational message. Its marketing target is the
historically hard-to-enumerate areas of the country. The
message is designed to educate the people in these areas
about the benefits of the census and why it is important to
participate in this major civic endeavor. It will be aired
in November 1999 and will continue until the primary
advertisement begins in January 2000.

The second paid campaign will run concurrently with the
Nonresponse Followup operation. This message is
designed to gain public cooperation with the census-
takers conducting the personal visit enumeration at
addresses for which a questionnaire was not returned.
This motivational message is expected to facilitate the
enumeration process and may result in improved coverage
of persons at those addresses.

The Bureau will also augment its promotional program.
Funding is available to expand into non-traditional
advertising methods, such as placing posters about the
census in community centers, religious centers, and local
businesses. The Census Bureau is contracting for a
public relations firm to develop a national publicity event
that showcases the census throughout the U.S. by
involving local participation and media.

The last enhancement under the promotional category is
the Census in the Schools program. The Census Bureau
has contracted with Scholastic, Inc. to develop a
curriculum for elementary and secondary grade students
to learn about the census and to use census data in
classroom activities. Under the traditional census plan,
curriculum materials for the 1999-2000 school year will
be available to all teachers in elementary schools, and to
all social studies and mathematics teachers in secondary
schools. On or about Census Day, teachers will be sent
fliers to send home with students describing the census
and the importance of the participation of all residents in
the census process.

2. Nonresponse Followup

Unlike the sampling census plan, in the traditional census
plan, census-takers will follow up on 100 percent of the
households that do not return questionnaires by mail.
This amounts to a 50 percent increase in workload over
what was originally planned. In order to handle this
increased workload, the Bureau must hire substantially
more temporary workers to conduct the doorstep
interviewing and more supervisory staff to supervise the
increased enumerator staff. The Bureau estimates that it
will employ 860,000 temporary workers during the height
of Nonresponse Followup. To provide the infrastructure
for the workload increase, the Census Bureau will open

44 additional Local Census Offices, for a total of 520,
The time period for conducting the operation was
expanded from 6 weeks to 10 weeks to enable the Bureau
to contact and enumerate all households.

3. Coverage Improvement Methods

An important aspect of the Census Bureau's plan for
reaching all citizen and non-citizen residents is to build a
Master Address File using a variety of operations that
includes all residential addresses in the United States. In
order to account for those housing units that will be built
between January 15 and April 1, 2000 (Census Day), the
Census 2000 plan includes an invitation for governmental
units in mailout/mailback areas to provide a list of newly
constructed addresses. The housing units identified by
this New Construction operation will be visited during the
Coverage Improvement Followup operation in July and
August of 2000 (following Nonresponse Followup).

The questionnaire for the traditional census plan has been
expanded to allow space for data for up to six residents
per houschold.  The sampling census mailback
questionnaire only included space for five houschold
members to respond. Since approximately 2.3 percent of
households have six members and less than 1.5 percent
have more, this improvement will greatly reduce the need
for a large household followup. In addition, the quality
of self-reported data is considered better than that
obtained by an interviewer at a later time.

The largest operational enhancement in Census 2000 is
Coverage Improvement Followup. This field operation
occurs after Nonresponse Followup and involves the
enumeration of several types of housing units. Census
staff visit each address designated for followup,
determine its status as of Census Day, and obtain the
appropriate information on the housing unit and/or its
residents. The large majority of the estimated 8 million
units that will be visited in Coverage Improvement
Followup are those identified during Nonresponse
Followup for the first time as vacant or non-
existent/deleted. The objective of Coverage Improvement
Followup is to improve the census count of persons for
housing units that were originally identified incorrectly as
vacant or units that were incorrectly designated for
deletion from our inventory of housing unit addresses.
The Coverage Improvement Followup operation also
includes enumeration of housing units with lost or blank
mail return questionnaires and of those units identified by
local governments during the New Construction operation
and late address updates provided by other pre-Census
Day operations in 2000.



The traditional census plan includes a Coverage Edit
Followup operation by telephone for households that
have too many members for the mailback questionnaire.
This operation includes a coverage edit operation that is
performed by the Bureau to see if there is a discrepancy
between the number of persons reported at the beginning
of a housing unit’s questionnaire and the number for
whom data have been collected. If additional persons are
identified, census data are collected for them. In addition,
the traditional census plan provides for coverage edits to
ensure that the correct population count is obtained for all
units.

Several other improvements were made in the traditional
census plan that will enhance coverage of the population.
A variety of special enumeration methods (also called
*“tool kit” methods because they can essentially be pulled
out of a tool kit or reserve of methods that can be used to
help fix problems that arise during the Census) will be
implemented during Census 2000 in hard-to-enumerate
areas. Tool kit enhancements in the traditional census
plan include a significantly expanded use of “blitz
enumeration” (a compressed time schedule enumeration,
usually with a crew of specially trained enumerators) or
paired enumeration (when census enumerators work
together for safety) to help locate units, to persuade
respondents to cooperate, and so forth. These and other
targeted operations will be greatly aided by another
“tool™: the Planning Database that was developed for the
traditional census plan. The Planning Database uses 1990
Census data to select sites and neighborhoods where extra
efforts are needed for adequate enumeration of the
population.

4. Quality Assurance and Training Enhancements

To ensure that major census operations result in high
quality data, additional quality assurance measures will be
implemented.  For example, larger samples of
questionnaires will be selected for a reinterview process
during the major data collection operation, Nonresponse
Followup.

Results of the reinterview will be compared to the
original questionnaire data completed by the enumerator.
If falsification is identified, appropriate action will be
taken against the enumerator and his/her entire work unit
will be re-done. Less serious errors will be discussed
with the enumerator to prevent such errors in the future.
The larger reinterview sample is designed so that all
enumerators will have random samples of their work
checked. This sample is in addition to the administrative
test which targets enumerators whose cases must be
rechecked because one or more characteristics of their

work (such as the vacancy rate, the proportion of single
person households, and the rate of obtaining data from
proxy respondents) is out of tolerance with the work
processed from other enumerators in the crew leader
district.

Crew leaders and/or their assistants will review all
questionnaires completed by the enumecrators for
completeness. Feedback will be provided as appropriate
so that future work from an enumerator reflects the
desired level of quality. This review will look for cases
where only partial data is collected, refusals that require
additional followup, etc. Questionnaires will also be
reviewed for potential coverage errors. The crew leader
uses a checklist to review all questionnaires to assure that
they are complete. Any questions or missing items are
returned to the enumerator for resolution. In some cases,
the enumerator attempts to determine more information at
the housing unit if any reasonable options for doing so
remain.

Training will be enhanced for those aspects of the data
collection operation that lead to coverage improvement.
For example, the enumerator training for Update/Leave
operation (the questionnaire delivery method used in
more rural parts of the U.S.) will allow more time for
developing skills in map reading and recognizing housing
units not readily visible from the street.

5. Accuracy and Coverage Evaluation

All modern censuses have included an evaluation survey
designed to measure the accuracy of the population data.

"In Census 2000 the Census Bureau will conduct the

Accuracy and Coverage Evaluation Survey (A.C.E.).
This survey will consist of approximately 300,000
housing units, or twice the size of the corresponding 1990
Post-Enumeration Survey. This survey will be used to
construct dual system estimates of coverage for post
strata. Although the state-level census data delivered to
the President for apportionment purposes will not reflect
results from A.C.E., under the current plan all subsequent
data products will. Therefore, data users will have access
to the highest quality data for use in redistricting
congressional and state legislative districts, analyzing the
demographic characteristics of the Nation's population,
estimating the population between censuses, and so forth.

E. Current Status

As of this time (August, 1999), the Census Bureau’s
FY2000 budget is under review by the US Congress.
Many of the programs described require substantial
funding increases from the level requested for the



sampling plan. The final plan is ultimately dependent on
the outcome of the Federal budgetary process. The
Census Bureau believes its current plan is the appropriate
combination of operations and programs, and that Census
2000 will successfully meet the data needs of the Nation.

End Notes

1. This paper reports the results of planning activities
undertaken by Census Bureau staff. It has undergone a
more limited review than official Census Bureau
publications. This report is released to inform interested
partics of this work and its effect on the Census 2000
plan, and to encourage discussion.

2. The authors wish to thank Carolyn R. Hay and Phillip
M. Steel for their careful, professional review and helpful

comments regarding this paper.
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Abstract One critical component of producing a
complete count of persons and housing units in Census
2000 is a complete address list. In this paper, we review
the construction of the Decennial Master Address File,
the address list created for Census 2000. The following
products and operations will be explained: Master
Address File, Decennial Master Address File, United
States Postal Service Delivery Sequence File, TIGER,
geocoding, Address Listing, Block Canvassing, Local
Update of Census Addresses, Mailout/Mailback,
Update/Leave, List/Enumerate. The relative importance
of each operation will be discussed in regards to the
magnitude of the operation and its effect on coverage.

Introduction:

Census 2000 is rapidly approaching. The decennial
census is not just a count of people; it is also a count of
housing units. People are associated with a geographic
area. In order to count people in this fashion, the list of
housing units must be accurate. For Census 2000, that
housing inventory list is the Decennial Master Address

File (DMAFY). This is an extract of the addresses on the )

Master Address File (MAF) maintained by the U.S.
Census Bureau. In this paper we discuss the creation of
the MAF and the DMAF and their use in Census 2000,

Addresses that are included on the MAF come from a
number of sources, Furthermore, the country is divided
into areas according to the predominant address type,
which determines the enumeration strategy; there are
different operations that contribute to the address list in

these different areas. The MAF contains a record for .

every housing unit that has been added to the list in any
operation. The status codes from the operations
determine whether 2 Census 2000 questionnaire will be
delivered to the housing unit.

Address Soyrces in Mailout/Mailback Areas:
Files and operations have been chosen for their potential

to give 2 complete listing of housing units, to reflect
changes in housing unit status and to yield information

about newly constructed housing units.

' The majority of addresses in the country are in what is
" known for census purposes as the mailout/mailback area,

which in general consists of arcas with city-style
addresses. A city-style address is of the type 121 Main
Street. Most of the address list-building operations focus
on these areas. The original source of addresses on the
MAF for the mailout/majlback areas is the 1990 Census
address file, the Address Control File (ACF). The first
update to the ACF addresses is a United States Postal
Service (USPS) Delivery Sequence File (DSF) of
addresses. The USPS updates its DSF every month. The
U.S. Census Bureau has procured some of these for the
purpose of maintaining a current address list. The DSF
lists both residential and non-residential addresses, with
an indicator of which type each address is. Address
information on the DSF comes from the local mail
carriers, so the timeliness of address updates varies by
carrier route.

The following paragraphs explain MAF construction,
starting from the ACF and DSF address information. The
ACF and DSF addresses are processed and assigned
Census Bureau geographic codes. This processing occurs
on a continuing basis over a number of years. Additional
census operations augment and refine the MAF.

Until shortly before the census, the ACF addresses and
the DSF residential addresses constitute the MAF. These
addresses are tested against Census Bureau geographic
information to determine their location at the census
biock level. The Census Bureau geographic information
is maintained in the Topologically Integrated Geographic
Encoding Referencing system (TIGER). This is a set of

. digitized maps for the entire country, as well as for some

other regions in which the Bureau performs the census.
Digitally connected to the maps for mailout/mailback
areas are address ranges for street segments. This
database was created around the time of the 1990 Census
for the purpose of maintaining consistent and accurate

" census records.

Within the Bureau’s Geography Division, there was an
initial operation to assign address ranges to many of the
streets in the TIGER files. An address range such as 100-
198 is associated in the TIGER files with a street
segment, by which is meant one side of a particular street



from one corner to the next. These ofien correlate with a
ZIP+4 designation assigned by the USPS. When the
" MAF is processed in conjunction with the TIGER files,

an address becomes coded to a specific block, where a -

block is usually represented by a polygon formed by the
intersection of streets or streets and natural boundaries.

The coding of these addresses to the geographic level of
a block is accomplished in two matching operations. The
first is an automated matching operation. When an
address on the MAF can be uniquely matched to the
address range on 2 street segment that forms one of the
boundaries of a particular block, the address is said to be
geocoded to that block.

Addresses for which the appropriate range does not exist
in the TIGER files, or for which there is more than one
location given in TIGER, are not geocoded during the
automnated matching. These addresses then enter asecond
operation, clerical gedcoding. Clerical geocoding takes
place in all. 12 Regional Census Centers. Trained
geograpbic personnel use a variety of reference sources
to find the correct location for the addresses and update
the TIGER files so that these addresses geocode. Valid
and geocoded addresses will appear on each address list
" used for a ficld operation.

For some of the addresses, there still is not enough
information to locate them correctly in this clerical
operation. The MAF indicates no associated block
number for such an address. That address will not be
included on-any field operation address list because a
biock number must be known; if the housing unit with
that address exists, it must be added to the list during the

field operation.

There were two DSFs used to obtain addresses before the
extant MAF was sent to 2 100% Block Canvass field
operation. In particular the November 1997 DSF and the
September 1998 DSF were incorporated into the MAF.
The Block Canvassing operation is the next major address
list operation that was undertaken by the Census Bureau
for Census 2000. It took place during the months of
January - May, 1999 in the mailogt/mailback areas of the
country. In general housing units on the MAF that have
becn geocoded to a block are sent out for field
verification in Block Canvassing. Added housing units
are also anticipated. The Block Canvass listers receive
materials for an assignment area, defined geographically.
These materials are maps of the numbered blocks in the
assignment area and the corresponding list of addresses
coded to the specific blocks in the assignment arca
Every address in an address register requires an action
code from the Block Canvassing lister. The possible

action codes are v for verify; C for a correction to the
street name or directional, but not to the house number;
D1 for delete; D2 for duplicate, implying the unit exists
elsewhere on the list with a different, unmatchable
designation such as a different street name or building
name; U for uninhabitable; N for nonresidential. There
is a Block Canvassing add page for the added housing
units, There is also a Block Canvassing Special Place

.add page for domiciliary situations such as college

dormitories and halfway houses. Special Places are
enumerated in the census differently from housing units.

One action code that is not allowed due to the block-by-
block canvass procedure of the Block Canvassing
operation is 2 block number change for an address that is
discovered to be in the wrong block. This can only be
accomplished by deleting the unit from the incorrect
block with an action code of D1 and adding the unit to the
correct block. This may even be performed by two
different listers, since the blocks can be in different
assignment areas. In order to determine that the address
was originally listed in the incorrect block, the addresses

must be matched during the processing of the Block
Canvassing data. The delete and add will then result in
an action referred to as a geographic transfer of the unit.

Occurring in 2pproximately the same time frame as Block
Canvassing is a2 cooperative address list check with local
governmental units (GUs) throughout the country. The
Local Update of Census Addresses (LUCA) operation
occurred in three phases. The phases are distinguished
by the enumeration method to be used in the region. For.
the mailout/mailback areas, the operation is LUCA 1998.
The LUCA 1999 operation for non-mailout/mailback

- areas will be discussed later in this paper. There is also

a Supplemental LUCA operation conducted primarily in
regions in which the enumeration technique designation
changed after the LUCA 1998 areas were identified. This
operation is a slight variant on the other LUCA
operations and will not be discussed here. InLUCA 1998
the participating GUs received an address list and were
asked for input mostly on added units but also on deleted
units and corrected street names or directionals. The
outcome of this operation is similar to that of Block
Canvassing in that units are added to and deleted from
blocks, and address cormections are made. Two
distinctions between the operations are that the GUs do

. notnecessarily derive the results through a field check but

often by such procedures as referring to local address
sources and current construction permits. Additionally,
because the LUCA 1998 operation focused on changes to
the address list, there was no verification of original

addresses.



The vintage of DSF that is used for the files sent to
LUCA 1998 and to Block Canvassing may differ. This
leads to complications in determining the original source
of an address as well as the status of an address. As one
example of the complications, consider the implications
of not incorporating the September 1998 DSF addresses
into the list of addresses sent to a LUCA participant
compared to incorporating the DSF addresses. The
LUCA entity that receives its address list before the
incorporation of the September 1998 DSF addresses will
have to add any of the addresses that are new to this DSF.
The Block Canvassing address list for this region will
already have the DSF addresses included. Thus a LUCA
1998 add matches to a September 1998 DSF add, which
is then presumably verified in Block Canvassing. The
original source of this address on the file is not limited to
one operation or file; both the DSF and LUCA 1998
picked this up as 2 new unit. If the LUCA entity receives
an address list after the September 1998 DSF addresses
have been incorporated, then LUCA 1998 will take no
action on the address and Block Canvassing will verify
the address, if it is correct. The DSF is the original
source of the address in this case.

Consider the second case, in which both the LUCA entity
and the Block Canvassing operation receive the same
address list. If there is a new unit that has not yet
appeared on the DSF, presumably both the LUCA 1998
operation, which depends on local knowledge, and the
Block Canvassing operation, which takes place in the
field, will add this unit to its address list. Both the LUCA
1998 and the Block Canvassing operations are credited
with adding this address to the address list, and neither
can be said to be the sole original source of this address.

A more complicated situation is when the status of a unit
does not agree from one operation to another. In the case
that LUCA 1998 and Block Canvassing are sent the same
list of housing units, LUCA 1998 might add a unit that is
notadded in Block Canvassing. This will resultin LUCA
1998 field verification of the unit. For the case when the
addresses from LUCA 1998 are processed in time for
inclusion in the Block Canvassing files, 2 unit added in
LUCA 1998 that is deleted in Block Canvassing will
result in a field verification of that unit.

If a unit changes residential status from one DSF to the
next, the final unit status may be influenced by the timing
of the operations. In the case that a unit is residential on
the November 1997 DSF but has changed to
nonresidential on the September 1998 DSF, a LUCA
entity that receives an early address list will have this unit
on its list; a LUCA entity receiving an address list
incorporating the September 1998 DSF will not have this

unit on its list. It will not be on the address list sent to
Block Canvassing either. When an address appears on a
LUCA entity's address list, the LUCA participant can
either delete the address, code it as nonresidential, make
minor corrections or do nothing to it. When it does not
appear on the LUCA entity's address list, the LUCA
participant can only add the unit. If the unit is readded in
either LUCA or Block Canvassing in this scenario, the
status conflicts with the DSF status for that unit. The
decision for inclusion or exclusion of the unit on the
Census 2000 address list must take into account that there
are different paths to the same outcome.

If we change the circumstances of the case just described
slightly, so that the unit appears as residential on both
DSFs, the set of possible final statuses changes, and the
set of operation status paths that the unit may travel after
such a DSF designation is vasty altered. The unit
appears on the LUCA 1998 participant's list. If the
LUCA participant denotes the address as a deleted or a
nonresidential unit, there will be conflicting information
on the address files. The LUCA delete action could match
2 delete action from Block Canvassing. In the case that
the address list from LUCA 1998 is sent to Block
Canvassing, the similar situation is that the unit is not
readded in Block Canvassing. On the other hand, if 2
contradictory action is taken in Block Canvassing, then
the LUCA 1998 status conflicts with both the DSF
designation and the Block Canvassing action.

When there is conflicting information from different
operations, there is a hierarchy of operations for the
purpose of determining a unit’s status, A Block
Canvassing action has a higher priority than a LUCA
1998 action, and both Block Canvassing and LUCA 1998
have higher priority than the DSFs, so a unit that receives
a delete action in LUCA 1998 but not in Block
Canvassing, or is readded in Block Canvassing, will be
included on the DMAF. Also from a housing unit
coverage standpoint, it is risky to delete a unit from the
list when only one operation has determined it to be a
delete, particularly when the results of another operation
conflict with that designation. In general when only one
operation designates an address as non-existent or
nonresidential, the address will still appear on the DMAF.
If an operation subsequent to the creation of the DMAF
designates a second delete, the unit will be flagged on the
file as a delete.

Address Sources in Update/Leave Areas:
The initial DMAF was created in July and August of

1999 from criteria based on the action codes given in the
operations that preceded its creation. This is the file of



addresses sent for questionnaire printing and labeling.
‘The operations discussed thus far are the operations that
occur before the creation of the initial DMAF in

mailout/mailback areas. In addition to the operations *

described above, there are operations that add addresses
in non-mailout/mailback areas. ’

After Mailout/Mailback, the second most common
method of questionnaire delivery is Update/Leave.

These are denoted as update/leave areas because the
address list and maps are updated at the same time that
questionnaires are delivered to each housing unit. There
are fewer address list-building operations in update/leave
areas than in the mailout/mailback areas. The DSF is not

used to construct the address list in these regions because -

the addresses are primarily non-city-style. Instead, the
address list for update/leave areas is constructed during a
Census Bureau field operation called Address Listing.
Census employees are sent to the field with maps of their

-assignment areas and are instructed to record the city-
style address, non-city-style address or location
description, or possibly some combination of the above,
for every housing unit. In addition the location of the unit
is noted on the census map. This operation took place in
the fall of 1998.

At the completion of the processing of the Address
Listing data, it is possible to tabulate the number of
housing units in each block. Because the housing units in
these areas may have nonstandard mailing addresses and
may be recorded in census files solely with a location
description, the GUs participating in the LUCA 1999
operation in these areas are sent lists of housing unit
counts by block. When the LUCA 1999 participant

disagrees with a Census block count, that block is sent -

out for LUCA 1999 recanvassing, in which census
employees are redeployed to make updates to the address
list. After processing the LUCA 1999 recanvassing
materials, the block counts are retabulated.

In both the LUCA 1998 and LUCA 1999 operations,
there is an appeal process for settling housing unit status
or housing unit count discrepancies that are not resolved
by the field verification process. Appeals will be
resolved after the creation of the initial DMAF.

The operations described: thus far yield the list of
addresses sent to the contractors for the printing of the
Census 2000 questionnaire address labels.

DMAF Updates:

There are a number of update operations that follow the
creation of the initial DMAF. These updates to the

DMAF occur when addresses are added in operations up
to Census Day, April 1, 2000. There will be November
1999, February 2000 and April 2000 DSFs adding
addresses to the decennial census address files. This is an
attemnpt to add newly constructed housing units to the list.
The February 2000 DSF will contain the results of a
concerted effort on the part of the USPS 1o update their
files, called edit book week. The autornated and clerical -

. geocoding operations will take place on these address

lists in Geography Division as before. These addresses
will need to undergo special processing procedures in
order for the housing units to receive questionnaires.

Another address update operation that occurs subsequent
to the creation of the initial DMAF is the LUCA 1998
field verification and appeal process. As discussed
above, many of the units receiving a conflicting status
from the Block Canvassing and the LUCA 1998
operation will be sent for field verification by the Census
Bureau; the results of the field verification will be sent to
the GUs. At this stage it is possible for the GU to contest
the Census Bureau's findings for particular units. At an
appeal, the Census Bureau and the GU will submit their
evidence of the status of a housing unit for independent
review, and a ruling will be issued. Both the field
verification and the appeal processes have the potential to
change the status of a housing unit.

The last operation in mailout/mailback areas that adds
addresses before Census Day is the New Construction
operation, another cooperative effort with participating
GUs. This operation uses the GU's local knowledge to
identify new housing up until Census Day and takes place
in February and March of 2000. Addresses added in this
operation will also require special procedures for
questionnaire delivery. .

The last address list-building operation in the
update/leave areas is the Update/Ieave operation itself.
This operation is responsible for having a census
questionnaire hand delivered at every housing unit. Inthe
process the MAF and the maps will be updated.

Additional Enumeration Areas:

In the most remote regions of the country, the housing
units will be listed at the time of Census 2000. People
will be enumerated concurrently. These operations are
called List/Enumerate and Remote Alaska enumeration.
This will be the only source of addresses in these regions.

Additionally there are special enumeration techniques for
some regions of the country in which addresses were
listed in previous operations. For example there is an



Urban Update/Leave operation for areas where mail
delivery is considered to be problematic. The addresses
have passed through all the operations of the
mailout/mailback areas up until the time of the census,*
but the area will be visited by enumerators during the
census, and, therefore, additions, deletions and
corrections to the address list can be made.

Conclusion:

Ultimately the information from each operation will be
fed back to the DMAF so that each housing unit record
will contain a complete history of the actions taken in
each operation. It will be possible to determine which
operation(s) added the unit to the list. The primary
operations responsible for adding addresses are the 1990
ACF, the November 1997 DSF, the September 1998
DSF, the November 1999 DSF, the February 2000 DSF,
Block Canvassing, Address Listing, New Construction,
Update/Leave, ListEnumerate and Remote Alaska, and
LUCA 1998, LUCA 1999 and Supplemental LUCA.
Because of the timing of events and the overlap of some
of the operations, as well as the varying magnitude of the
operations, it will not be possible to compare the
operations for relative effectiveness in terms of numbers
of addresses added to the MAF or deleted from the MAF
or of numbers of corrections made to addresses.
However with an understanding of the interrelatedness of
the operations, some interpretation of the effectiveness of
the operations may be attemnpted.

Disclaimer:

This paper reports the results of research and analysis -
undertaken by Census Bureau staff. It has undergone a
more limited review than official Census Bureau
Publications. This report is released to inform interested
parties of research and to encourage discussion.
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BACKGROUND

The Census 2000 Dress Rehearsal was the culmination of -

the Census 2000 testing program which began shortly
after the 1990 Census was completed. The Dress
Rehearsal was conducted in Columbia, South Carolina
and eleven surrounding counties; Menominee County,
Wisconsin; and Sacramento, California. Each dress
rehearsal site was selected because of its demographic
and geographic characteristics to provide experience with
some of the expected Census 2000 environments. Each
sitt used a different mix of census and statistical
procedures. The dress rehearsal provided information to
assess procedures used in the individual sites but not for
comparisons between sites. One of the goals of the Dress
Rehearsal was to measure the effectiveness of making
census questionnaires widely available. The Be Counted
Program was one means for people to be included in the
Census 2000 Dress Rehearsal. This program allowed
people who may not have received a Census
questionnaire, believed they were not included on a
questionnaire, or had no usual residence on Census day
the opportunity to pick up and return a Be Counted form.

The Be Counted questionnaires were printed in six
languages: English, Spanish, Chinese, Vietnamese,Mien,
and Russian. They were accessible in targeted locations
that were determined through communications between
local census office officials and community partnership
specialists. These locations included businesses,
community organizations, churches, Department of
Motor Vehicle offices, Libraries, Post Offices, and
Questionnaire Assistance Centers. There were 218
locations in Sacramento, California, 183 locations in
Columbia and surrounding counties of South Carolina,
and 16 locations on the Menominee American Indian
reservation in Wisconsin (see table 1 for a complete
distribution of locations by type). The forms were made
available shortly after census day and collected before the
start of the operation to personally enumerate households
that did not complete a form. Approximately three
percent of the 1,700 English forms available at Be
Counted locations were picked up by the public in
Menominee; about 18 percent of the 59,272 English and
Spanish forms were picked up in South Carolina; and

about 39 percent of the 24,249 forms in all languages that
were distributed in Sacramento were picked up.

Besides sending in a Be Counted Form (BCF), the public
could call the TelephoneQuestionnaire Assistance (TQA)
operation if they believed that they were not counted.
This operation had computer instruments that were
programmed to help interviewers take census responses
from these callers. If the caller did not give the 22 digit
identification number off the Census form sent to them,
then their response was treated as a Be Counted Form
Equivalent. The acronym BCFE will refer to Be Counted
forms and TQA responses without the 22 digit
identification number.

BCFEs were sent to the Census Geography Division to be
geocoded and matched to the Master Address File
(MAF). The MAF is a computer address data base that
the Census Bureau created, updates, and uses for address
information. Geocoding is the process that changes a
unique address into its unique identification number.

Those BCFEs that went to Census Geography and
contained sufficient address information were geocoded
and matched to the MAF. Those addresses that matched
to the MAF were assigned the corresponding MAF
identification number (ID). Those addresses that did not
match to the MAF were sent out to be field verified and
if found to be valid were added to the MAF and assigned
an ID; if found to be invalid, the BCFE was removed
from further Dress Rehearsal processing. Those BCFEs
that were returned without sufficient address information
to be geocoded were removed from further census
processing.

CENSUS GEOGRAPHY RESULTS
The following is 2 summary for those BCFEs that were

sent to Census Geography. Due to a time constraint and
late arriving BCFEs some of the BCFEs could not be
processed in time to be included in the Dress Rehearsal.
Forms that indicated that the person had no address on
census day were processed through the Service-Based
Enumerationprocess. Additionally, the procedures forthe
accounting of BCFEs during processing could not
provide trustworthy numbers to report where BCFEs fell
out of the process. The following numbers represent
those BCFEs that the Census Bureau could account for.



A total of 21 responses were received from Menominee.
Of these, eight (38%) did not contain sufficient address
information and were removed from further processing,
ten (48%) had geocodable addresses that arrived in time
for Census processing, and five (24% of all responses) of

the geocoded returns were included in the Dress

Rehearsal. These five returns contained information for
16 persons who were enumerated in the Dress Rehearsal.
There were three (14%) forms that were geocoded, but
arrived too late for Dress Rehearsal processing and are
not included in the above geocoded counts.

The South Carolina site generated 783 BCFE responses.
Of these, 122 (15%) did not contain sufficient address
information and were removed from further processing,
606 (78%) had geocodable addresses, and 337 (43% of
all responses) of the geocoded retums were included in
the Dress Rehearsal. These 337 returns contained
information for 821 persons who were enumerated in the
Dress Rehearsal. There were 55 (8%) forms that were
geocoded, but arrived too late for Dress Rehearsal
processing and are not included in the above geocoded
counts. (See table 2)

The Sacramento, California site generated 1,575 BCFE
responses; 247 (17%) did not contain sufficient address
information and were removed from further processing,
907 (57%) had geocodable addresses, and 343 (22% of
all responses) of the geocoded returns were included in
the Dress Rehearsal. These 343 returns contained
information for 870 persons who were enumerated in the
Dress Rehearsal. There were 421 (26%) forms that were
geocoded, but arrived too late for Dress Rehearsal
processing and are not included in the above geocoded
couats,

POPULATION RESULTS

Across all three sites, a total of 1,707 persons with
address information from BCFEs were included in the
Census 2000 Dress Rehearsal. These BCFE’s persons
were enumerated on four of the eight different form types
that make up BCFEs. The four form types included the
following: both long and short form versions of TQA
enumerations, English Be Counted forms, and Spanish
Be Counted forms (see table 5 for distribution of persons
included by form type). After processing no enumerations
were included in the Dress Rehearsal from the Be
Counted form types in Chinese, Vietnamese, Mien, or
Russian (a total of 192 forms, see table 4).

To see if there was a difference in the demographic
variables of sex, age, race, and Hispanic origin between
persons enumerated on BCFEs and persons enumerated

on other mail returns, a chi-square test was calculated on
the two populations consisting of Be Counted persons
and other mail return persons (¢=0.1). The Be Counted
population includes all BCFE persons that were
enumerated in the Dress Rehearsal and the other mail
return population includes all persons that were
enumerated on other mailed back returns. These
distributions are based on self reported data, therefore
item nonresponse will change the total population counts
across variables in table’s 6 and 7. The Menominee site
had a total of 16 persons, so many of the cells in a chi-
square test had expected values that were too low, hence
this comparison is not reported for Menominee,

The results showed a significant difference in the
distribution of age, race, and Hispanic origin between the
two populations in Sacramento. Persons enumerated on
BCFEs were more likely to be either younger, Hispanic,
or non-white when compared to those enumerated by
other mail returns (see table 6). The results also showed
a significant difference in the distribution of age and race
between the two populations in South Carolina. Persons
enumerated on BCFEs were more likely to be either
between the ages of 5 to 14 or 65 and over, or to be Black
or African American than they were on the other mail
returns (see table 8).

ITEM NONRESPONSE RESULTS

We next examined data quality as measured by item
nonresponse rates. Only persons enumerated on BCF
mail returns were included in the analysis of nonresponse
rates. Due to the small number of BCF persons in
Menominee, this site was not included in the analysis of
item nonresponse. The TQA returns were excluded since
the nature of a Computer Assisted Telephone Interview
instrument lowers item nonresponse rates.

The item nonresponse rates for BCF persons were
compared to the nonresponse rates of persons enumerated
by other mail returns. A chi square test was used to
determine if there were any significant differences
(c=0.1). The variables of interest were sex, age, race, and
Hispanic origin. The results for Sacramento indicated that
there was a significant difference in item nonresponse
rates between the BCF population and the other mail
population for all four variables (see table 9). Each of
these variables had 2 higher nonresponse rate for the BCF
population than for the other mail return population. The
results for South Carolina indicated that there was a
significant difference in item nonresponse rate for the
Hispanic origin variable (see table 7). This was higher for
the BCF population than for the other mail return
population. This is a concern as data must be imputed



when answers to requested items are missing, since there
is no followup to obtain the information.

RECOMMENDATIONS
A number of recommendations for Census 2000 are made

as a result of this evaluation. There are five:

recommendations:

. Improve the accounting for and documentation
of the flow of Be Counted responses through all
operational processes, including check-in,

geocoding, and field verification as this will -

assist the Census Bureau in determining exactly
where and why Be Counted forms are removed
from the processing flow.

. Part of the success of the Be Counted operation
is determined by the quality of the data received
on forms. Analysis shows that item nonresponse
rates are significantly higher on BCFs that they
are on other mail returns. An evaluation should
be conducted to determine the benefits of
including Be Counted responses in a telephone
follow-up operation to improve content.

. More planning should go into the operations of
the Be Counted Program including the

placement of Be Counted forms in the field and
the geocoding of addresses in order to ensure
that Be Counted response records have time to
make it into the Census process.

Field observers reported that people often had
trouble finding Be Counted forms in places
where they should have been. The Census
Bureau should choose better targeted sites and
increase notices and posters in sites to help
alleviate these complaints and increase access to
the forms.

Conduct additional research to gain insight into
the need for and effectiveness of foreign
language Be Counted forms, since all of the
foreign language forms except some Spanish
forms were removed from processing.

This paper reports the results of research and analysis
undertaken by Census Bureau staff. It has undergone a
more limited review than official Census Bureau
Publications. This report is released to inform interested
parties of research and to encourage discussion.

Table 1: Number of BCF Distribution Centers by Type of Location and Site

Sacramento South Carolina Menominee
Business 136 79 4
Community Organization 8 16 6
Church 0 8 0
Department of Motor Vehicles 2 1 0
Library 6 16 0
Post Office 9 9 2
Questionnaire Assistance Center 52 47 4
Other 5 7 0
Total 218 183 16
Table 2: BCFEs Received in Geography, Geocoded, and Included in the Dress Rehearsal for Menominee
Received Geocoded Included in Dress Rehearsal
BCF-English 20 10 5
TQA 1 0 0
Total 21 (100 %) 10 (47.6 %) s (23.8%)




Table 3: BCFEs Received in Geography, Geocoded, and Included in the Dress Rehearsal for South Carolina

Received Geocoded Included in Dress Rehearsal
BCF-English 548 411 247
BCF-Spanish 2 1 0
TQA 233 194 9%
‘Total 783 (100 %) 606 (77.3 %) 337 (43.0%)

Table 4: BCFEs Received in Geography, Geocoded, and Included in the Dress Rehearsal for Sacramento

Received Geocoded Included in Dress Rehearsal
BCF-English 984 578 282
BCF-Spanish 173 63 44
BCF-Cantonese 32 28 0
BCF-Mein 2 1 0
BCF-Vietnamese 82 70 0
BCF-Russian 31 24 0
TQA 271 143 17
Total 1,575 (100%) 907 (57.6 %) 343 (21.8%)
Table S: BCFE Persons Included in the Dress Rehearsal by Form Type
Sacramento South Carolina Menominee
BCF-English 207 625 16
BCF-Spanish 129 0 0
TQA, Short 28 156 0
TQA, Long 6 40 ) 0
Total 870 821 16




Table 6: Demographic Comparison of BCFE and Other Mail Return Populations in Sacramento

Be Counted Other Mall
% % p value
Sex N=838 N=224,477 0.724
Male (4618 46.719 .
Female 53.82 53.21
Age N=778 N=222.337 0.001
Under § 8.61'l ) 5.11
5t014 21.08 12.93
15t0 24 15.17 12.00
25t0 44 29.95 30.70
45to 64 16.97 23.36
65 and over 823 _ 15.89
Race N=T28 N=207,281 0.001
White 3255 59.52
Black or African American 19.92 13.03
American Indian and Alaskan Native 2.61 1.20
Asian 30.08 16.75
Native Hawaiian and Other Pacific Islander 3.43 0.92
Some other race 7.14 5.27
Two or more races 4.26 331
Hispanic Origin N=719 N=215,042 0.001
Yes 33.10 18.89
No 66.90 81.89
Table 7: South Carolina Item Nonresponse for 100% Person Data Items
Be Counted Other Mail
N=625 N=397,308 p value
Sex 1.92 .19 0.092
Age 2.08 2.39 0.617
Race 1.28 1.31 0.949
Hispanic Origin 11.20 6.86 0.001




Table 8: Demographic Comparison of BCFE and Other Mail Return Populations in South Carolina

Be Counted Other Mail
% % p value
Sex N=809 N=392,584 0333
Male 47.96 46.26 .
Female 52.04 53.74
Age N=808 N=387,830 0.006
Under § 6.31 ' 5.10
5tol4 15.4;1 13.48
15t024 10.52 12.10
25t0 44 28.47 29.66
45t0 64 21.78 2533
65 and over 17.45 14.32
Race N=812 N=392,107 0.001
White 51.48 64.93
Black or African American 46.18 32.70
American Indian and Alaskan Native 0.62 0.38
Asian 0.00 0.84
Native Hawaiian and Other Pacific Islander 0.12 0.08
Some other race 0.86 0.52
Two or more races 0.74 0.55
Hispanic Origin N=751 N=370,068 0.124
Yes 107 1.82
No 98.93 99.18
Table 9: Sacramento Item Nonresponse Rates for 100% i’erson Data Items
Be Counted Other Mail
N=836 N=227,825 p value
Sex 3.83 1.47 0.001
Age 11.00 241 0.001
Race 16.99 9.02 0.001
Hispanic Origin 18.06 5.61 0.001
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1. BACKGROUND

This evaluation provided information to help us

determine if outmover tracing needs to be done as part

of the Accuracy and Coverage Evaluation (A.C.E.) in

Census 2000. Based on the results described here, the

decision was made not to conduct outmover tracing in

Census 2000. To aid in that determination, this

evaluation answered the following questions:

. How many cases did we try to trace and what
were the results?

. For households where a traced interview was
obtained, how do the proxy and traced data
compare?

. What is the person match rate to the census for
the proxy data compared to the traced data?

. How are the estimates affected by replacing the
outmovers provided by the proxies with the
people provided by tracing outmovers?

The Census 2000 Dress Rehearsal was conducted in
Columbia, South Carolina and eleven surrounding
counties; Menominee County, Wisconsin; and
Sacramento, California. Integrated Coverage
Measurement (ICM) was the survey that followed the
census and was designed to be a quality check survey
on the census operations and to adjust census numbers.
ICM was conducted independently of the census and
collected an independent roster of residents as of
census day and the ICM interview day.

2. METHODOLOGY
2.1 Definition of Movers
In the Census 2000 Dress Rehearsal, census day was

April 18, 1998, and ICM data were collected via the
computer-assisted personal interview (CAPI) Person

This paper reports the results of research and analysis
undertaken by Census Bureau staff. It has undergone a more
limited review than official Census Bureau Publications.
This report is released to inform interested parties of research
and to encourage discussion.

Interview from May to September, 1998. The problem
is that people may have moved during that time. The
people who have moved out of the housing unit after
census day are called “outmovers”.

To contrast, the people who have moved into the
housing unit after census day are called “inmovers”,
and people who did not move between census day and
the ICM Person Interview date are “nonmovers"”.

2.2 Effect of Movers on Estimation

The Census Bureau used Dual System Estimation
(DSE) methodology to get adjusted population
estimates based on census and ICM data, using
information about both inmovers and outmovers
collected during the ICM Person Interview. The DSE
calculations are made within poststrata',

Below is the part of the DSE formula that is affected by
movers: the term that measures the proportion of ICM
people that matched census people:

M
&_M NM +?‘:“ X(Py XRPgyy )
P Py +(Pyy XRPgy )

=  weighted estimate of people found in ICM
who were matched to census people
= weighted estimate of people found in ICM

Mpy= weighted estimate of the number of
nonmovers found in ICM who match census
persons

Mou= weighted estimate of the number of outmovers
found in ICM who match census persons

Poy=  weighted estimate of the number of outmovers
found in ICM

! The Dress Rehearsal poststratification variables
were tenure (owner, renter), race/ethnicity (non-Hispanic
White/Other, non-Hispanic Black, non-Hispanic American
Indian/Alaska Native, non-Hispanic Native
Hawaiian/Pacific Islander, non-Hispanic Asian, and
Hispanic), and age/sex (0-17, 18-29 male, 18-29 female,
30-49 male, 30-49 female, 50+ male, and 50+ female).



Py=  weighted estimate of the number of inmovers
found in ICM

RP,, = weighted estimate of the proportion of people
enumerated as outmovers in ICM that were
determined to be residents of the cluster on
census day

Poy= weighted estimate of the number of
nonmovers found in ICM

Why do we use both inmovers and outmovers in the
DSE equation? It is relatively easy to determine the
number of inmovers from the ICM Person Interview,
since we often are talking directly to them. Therefore,
the number of movers within the poststrata is estimated
based on the number of inmovers.

On the other hand, outmovers are people who lived in
the housing unit on census day, so the outmovers are
used to estimate the percentage of census and ICM
matches.

The DSE methodology helps determine the focus of
this evaluation. Outmovers are used in the DSE only to
determine the match rate of movers to census people.
Census and ICM people are matched using a clerical
system, where people do not have to match on every
data item to be matched.

2.3 Whole Household Outmovers

A whole household outmover is a household where
everyone moved out between census day and the ICM
interview day. None of the people who lived there on
census day are there when we go to do the ICM
interview,

Why do we care specifically about whole household
outmovers? Information about outmovers is needed so
that they can be matched back to the data provided on
the census form. If some of the residents had moved
out but some were still there when the ICM Person
Interview was conducted, the interviewer collected the
information about the outmovers from the nonmovers.

However, if everyone who lived there on census day
has moved-a whole household outmover situation--it is
not quite as simple.

There are two options to collect information about
whole household outmovers. One option is to find a
knowledgeable proxy respondent to provide detailed
information about the outmovers. Proxy information
could be obtained from the inmovers or from neighbors
or apartment managers who may have known the

outmovers. This proxy data was used in producing the
official estimates for the Census 2000 Dress Rehearsal
in Sacramento and Menominee and in measuring the
undercount in South Carolina.

Another option is to attempt to trace the whole
household outmovers to their new address and
interview them about the household on census day.
The advantages of this option are clear: theoretically, if
the census day resident can be traced, they should know
more about the census day household than a proxy
would.

On the other hand, tracing outmovers can be difficult,
time-consuming, and resource-intensive. In addition,
proxies can often provide some of the needed
information about the outmovers: name, age, sex, race,
cthnicity, and relationship to the first person in the
household so the clerical matchers can decide a match
occurred. Outmovers are used in the estimation
process to obtain the match rate to the census.

This evaluation is designed to determine if tracing
whole household outmovers is worth doing by
comparing the proxy data (which was used in the
official dress rehearsal estimates) and traced data
(collected especially for this evaluation).

24 Operation of Outmover Tracing

There were two steps to outmover tracing. First was an
operation at the Census Bureau’s National Processing
Center (NPC) in Jeffersonville, IN. Researchers
attempted to obtain the full name, telephone number,
and new address of the outmovers (if the proxy had not
already provided that information), utilizing all
available resources, such as commercial databases,
phonedisc and Directory Assistance, to find the
necessary information.

Once the researchers got a valid phone number for the
movers, they attempted to conduct a CATI interview.
The CATI interview asked for the names and
characteristics of everyone who lived at the sample
address on census day and whether any of the persons
had any alternate addresses on census day.

The second step was used if 2 case had not been found
after fourteen days in the CATI unit. It got sent to the
appropriate Ficld Division Regional Office and an
interviewer tried to trace the movers to their new
address by any means possible, such as knocking on
doors and going to the post office. When interviewers
successfully traced a mover, they conducted an



interview using a paper-and-pencil interview (PAPI)
version of the CATI instrument.

3. LIMITATIONS
3.1 Operational Problems

Theoretically in outmover tracing, there never should
have been a situation where we found that people never
moved. In practice, it can be expected to happen a few
times due to measurement error, but not often.
However, it happened 15.4 percent of the time in
Sacramento and 12.5 percent of the time in South
Carolina for completed or resolved traced households.
Unfortunately, if in the traced interview the person said
they never moved from the Person Interview address,
we did not follow up to resolve the discrepancy. An
investigation spurred by this finding turned up specific
problems that contributed to that and other problems
with regard to outmover tracing. This makes the
assumption that the Person Interview correctly
identified whole household outmovers questionable.

It is important to note that these problems have been
corrected for Census 2000.

3.2 General Limitations

The fact the dress rehearsal included only three sites in
the country is a limitation in the ability to judge the
PAPI operation. In Census 2000, there will be many
outmovers in all parts of the country, and during a
PAPI tracing operation, the PAPI forms will have to
physically be sent around the country as more
information is gathered about the outmover.
Logistically, that is a problem. In dress rehearsal, we
did not send PAPI cases out of the three sites. If a
person, say, moved from Sacramento to Detroit but
CATI could not find them in Detroit, when the case
went back into the field, they only tried to trace them
from Sacramento. In Census 2000, the case would be
sent to Detroit and traced there.

However, the logistics of moving PAPI cases around
the country during the census, which was not an issue
during the dress rehearsal, would be very difficult.
This issue has been legitimately raised as a reason not
to conduct a PAPI operation in a census using
outmovers.

In addition, there would be less time to trace outmovers
via PAPI in Census 2000 than there was in the Census
2000 Dress Rehearsal. In dress rehearsal, tracing was
conducted from June 19 to September 4. In Census

2000, PAPI tracing will take place from late June to
late August. Also, because there are relatively few
PAPI cases compared to the workload for other A.C.E.
operations like Person Interview and Person Followup,
and the PAPI cases will be scattered throughout both
A.C.E. and non-A.C.E. clusters, it will be difficult for
an interviewer to become especially skilled in tracing
outmovers

In addition, although these sites were chosen to
represent situations found throughout the country,
results of this evaluation cannot be generalized to any
area beyond the three sites.

4. RESULTS

4.1 Amount of Outmover Tracing

How many households were there to trace? How well
did we trace them? Table 4.1 answers that question:

Table 4.1: Results of Outmover Tracing

Sacramento | S. Carolina
ICM Housing Units 16,419 17,677
Whole HH Outmov. 918 (6%) 927 (5%)
Traced Households 380 (42%) | 482 (52%)

Data for Menominee are not provided since there were
only 10 whole household outmovers for the site. The
households who reported they never moved are not
included in the “Traced Households™ line because a
large percentage of them should not have gone to
outmover tracing, as explained in section 3.1 of the
limitations. They made up 7.5 percent of the
Sacramento cases and 7.4 percent of the South Carolina
cases that went to outmover tracing.

The indication from these results is that about five to
six percent of housecholds in Sacramento and South
Carolina were whole household outmovers. However,
the problems in the limitations section indicate that
some of the cases that went to outmover tracing should
not have, so the percentage of true whole household
outmovers is probably a little less than five percent in
those sites.

Among the total tracing workload, 26 percent were
traced via the CATI system and 16 percent via PAPl in
Sacramento. In South Carolina, 40 percent of the total
workload was traced via CATI versus 12 percent by
PAPI,



CATI tracing in Sacramento might have been hampered
by the large percentage of unlisted phone numbers
there.? In the debriefing of the CATI interviewers, the
interviewers mentioned they could not get addresses for
people with unlisted telephone numbers from directory
assistance, making it harder to trace those people (Ehni,
1998). However, the number of cases traced in
Sacramento indicates that they nonetheless were
traceable, just not via a telephone operation.

This indicates that the effectiveness of CATI tracing
could vary for different parts of the country, an
important finding for planning a census using outmover
tracing.

42 Comparing Proxy and Traced People

In households we traced, we compared the people
found in the ICM proxy interview with the people
found in the ICM traced interview. The goal was to
determine if we were getting the same people and
households in the traced interview as in the proxy one.
After all, if we trace and the household list of people
contains the same people, tracing is not particularly
useful. In 1996, a similar matching operation found
that in Chicago, 21.9 percent of the time when we
traced a household, we actually got an entirely different
list of people.

This matching took into consideration the use of
outmover tracing with the DSE methodology in mind.
DSE uses outmovers only to compute the match rate
between the census and the ICM. Therefore, Census
Bureau clerical person matching rules were used in
deciding if a proxy and traced person were the same
person. A person experienced with the clerical person
matching matched the proxy and traced people.
Matches were attempted only for data-defined people
with a valid name.}

Table 4.2 shows the results of the proxy versus traced
matching in households where the household was

2 Approximately 71.6 percent of the households
with telephones in the Sacramento PMSA have unlisted
numbers, the largest percentage of any of the biggest 100
metropolitan area in the country (Survey Sampling, Inc,
1999).

3 To be data-defined, we must have a valid name
and onc other characteristic. The name must have at least
three characters in the first and last name together. The
characteristics include relationship, sex, race, Hispanic
origin, and age or year of birth or month and day of birth.

traced and an interview was obtained that included the
listing of people.

Table 4.2: Comparing Proxy and Traced People

Sacramento

Person Mentioned In Proxy Traced
Both proxy & traced ints. 431 431
Only in proxy interview 31 -
Only in traced interview — 233

South Carolina
Person Mentioned In Proxy Traced
Both proxy & traced ints 528 528
Only in proxy interview 46 -
Only in traced interview — 306

If the person was mentioned in the proxy interview,
they were almost always found in the traced one too
(93 percent in Sacramento (431 / (431 + 31)) and 92
percent in South Carolina). If we assume that the
traced interview is better than the proxy interview,
since it was supposed to be with a resident, a large
percentage of the people that proxies name are really
residents.

Table 4.2 also indicates the traced interview found
many additional people that the proxy interview did not
have. Since the traced interview was supposed to have
been done with a resident of the outmover household,
this is not a surprise.

In which households were these new traced people
found? One theory was that the new people found in
the traced interview were in households where we did
not collect any proxy people. However, analysis
showed that was not true. In Sacramento, 133 of the
233 additional people (57.1 percent) from the traced
interview were in households where we got people in
the proxy interview who were not inmovers; for South
Carolina, it was 144 of 306 (47.1 percent). Therefore,
even if we get people in the proxy interview, we get
even more outmovers in the traced interview.

The proxy interview seems to yield legitimate people
but an incomplete list of the household members (at
least according to the traced interview).



4.3 Matching to Census People

Remember that under the DSE methodology used,
outmovers are included for their person matching rate
to the census. The number of movers is estimated by
the inmovers. Therefore, the person match rate is a
very important indication of the difference in data
quality between the proxy and traced data.

Table 4.3 shows the match rate for the data using
proxies for outmovers compared to the data using the
traced data for outmovers when traced data was
available. That means that if a traced interview was
conducted and people were collected, the traced
interview replaces the proxy interview. If the traced
interview indicated the housing unit was vacant or did
not exist as a housing unit on census day, the
production people were removed.

Table 4.3: Match Rates to Census People

Sacramento

ICM Persons Proxy Traced
In traced households 65.1 65.6
In all of ICM 78.2 78.2

South Carolina
ICM Persons : Proxy Traced
In traced households 79.0 75.5
In all of ICM 78.5 78.5

Look at the first line of the table in Sacramento, the
people in households where we collected person data
during tracing. Notice that the match rates are almost
the same for the proxy people as for the traced people.
In the traced interview, we find many more people, but
their match rate is similar to the match rate for the
people we already had. In South Carolina, we actually
had a nominally lower match rate for the people
collected in the traced interview.*

The last line of the table in each site shows that to one
decimal place, the match rate was the same for the
dataset that used proxy people versus the traced people.
This indicates that even though we find quite a few

4
The match rates for proxy versus traced people
are similar for the poststrata marginal variables, too.

new people in the traced interview, they do not match
at a particularly high rate to census people. That is due
to the fact that only about two percent of households
were whole household outmovers that we were able to
trace as well as the similarity of the match rates
between proxy and traced people.

4.4 DSEs Using Proxy and Traced People

This is really the most important section of this paper.
We can say the match codes do not seem to differ
between the proxy and traced people, but if there are
significant differences in the DSEs, we can say the
differences in the match rates were actually
significantly large.

Table 4.4 shows the DSEs calculated from the
production data (excluding people in groups quarters
and in the service-based enumeration), the DSEs
calculated from the data using the traced outmovers in
place of the proxy outmovers in households we were
able to trace, the differences, and whether or not those
differences are significantly different than zero.

Table 4.4: DSEs Using Proxy and Traced People 5

Sacramento | S. Carolina

Est.w/ proxy people 395,005 693,724
Est w/ traced people 395,025 693,579
20 (279)
Significant (¢ =.10) No No

Difference (st error) ~-145 (522)

We also did this comparison for each poststrata
marginal variable using the Dunn method of controlling
for multiple comparisons.®

There were not significant differences in the DSEs
calculated using proxy and traced outmover people in
either site for any of the poststrata marginal variables,
with ¢ = .10. In fact, the p-values are not close to
being significant most of the time. Qutmover tracing

5 The numbers here are the estimates for the
whole site minus people collected from group quarters and
the service-based enumeration operation.

6 In the Dunn method, the alpha level was
divided by the number of comparisons to be made: one for
the total, two for tenure, seven for race/ethnicity, and six
for age/sex, to come up with the significance level used in
the tests. See Toothaker (1993),



provided a nominal increase of 20 people in
Sacramento (0.005 percent of the production estimate)
and a nominal loss of 145 people in South Carolina
(0.021 percent of the production estimate).

There is no reason to believe that with the current DSE
methodology, the lack of tracing caused any significant
difference in the production estimates provided in the
Census 2000 Dress Rehearsal.

5. ANALYSIS AND CONCLUSIONS

The big question is whether or not the outmover tracing
operation should be included as part of the A.C.E. in
Census 2000. Of course, this evaluation is based on
data from two sites -- Sacramento and the parts of
South Carolina that were included in the Census 2000
Dress Rehearsal. It could be possible that outmover
tracing could have a significant effect on estimates in
parts of the country that differ from these two sites.

It is understandable why outmover tracing might not
have a significant effect on the estimates. Remember
that outmovers are used to produce an estimate of the
maltch rate between the census and the ICM. Look
back to Table 4.2, the table that showed the results of
matching the proxy and traced people to each other.
We found that almost all of the time if a person was
mentioned by a proxy and they knew enough about the
person that we could consider them data-defined, the
person was later mentioned in the traced interview.

To contrast, the people mentioned by the proxy but not
the traced respondent might logically be assumed to not
be residents, and in fact they did not match well to the
census: 70 percent did not match in Sacramento and 43
percent did not match in South Carolina. However,
there are so few of them that their effect on the match
rate is relatively small.

Therefore, for the people in the traced interview to
have a much higher match rate than the proxy interview
people, the new people mentioned in the traced
interview but not the proxy one would have to match to
the census at a higher rate than the people mentioned in
both interviews. There is no reason to think that to be
true, and in fact it isn"t.

From the people in the traced interview, 32 percent of
the people also mentioned in the proxy interview did
not match anyone in the census in Sacramento, while
39 percent of the people mentioned in the traced
interview but not mentioned in the proxy interview did
not match census people. In South:Carolina, the

figures were 20 percent versus 30 percent,

While it would be nice to have all of the people in the
household (as tracing would help us do), we really
don’t care about the number, just the match rate. The
proxies seem to be giving us good enough data for
matching purposes.

We therefore recommended that outmover tracing not
be conducted as part of the Census 2000 Accuracy and
Coverage Evaluation. Based on this analysis, this
recommendation was accepted, and there will be no
tracing of outmovers in Census 2000.
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Introduction

The Census 2000 Dress Rehearsal is the Census 2000
testing program that was conducted in Columbia, South
Carolina and eleven surrounding counties; Menominee
County, Wisconsin; and Sacramento, California. Only
two of the Dress Rehearsal sites will be examined in
this analysis, Sacramento and South Carolina.

Two forms were used to collect Dress Rehearsal data—
the short and long forms. The short form contains
basic demographic questions such as sex,
race/ethnicity, relationship, iength of time lived at their
residence, and the number of people living at the
residence. The questions on the short form are known
as the 100% items. In addition to the short form items,
the long form contains questions such as marital status,
highest level of education completed, income,
citizenship, employment, and housing items. The
household’s a priori form assignment is determined by
a sampling scheme, that assigns on average 1-in-6
households a long form, and all others households a
short form.

This paper discusses two factors that contributed to the
loss of long form sample data in Dress Rehearsal: 1)
the use of alternate data collection forms and 2) total
nonresponse to all long form items. For the Dress
Rehearsal, respondents were allowed to respond
through two altemnate data collection methods: the Be
Counted Form (BCF) and interviews taken through
Telephone Questionnaire Assistance (TQA). There are
also cases in which a return was received without any
long form data. Each factor will be discussed
independently.

Alternate Data Collection Forms

Background

One of the goals of Census 2000 is to maximize
response, both through the use of respondent friendly
forms and through more accessible alternate data
collection forms. There are two alternate data
collection forms--Be Counted Forms (BCF) and

interviews taken through Telephone Questionnaire
Assistance (TQA).

There are several possible situations which could lead
respondents to use Be Counted Forms (BCF) or the
TQA data collection instrument. First, the BCF was
designed to provide an opportunity for people to be
counted who think that they were not included on any
other census form. For example, if 2 boarder in a
single family houschold was not listed as part of that
household on the mail form, he/she could pick up a
BCF, complete and return it. Though not the original

" intention of TQA, it can accommodate this situation as

well.

Second, the TQA interview instrument was developed
to help people respond who for any reason were
having difficulty completing their mail form by giving
them the opportunity to provide the census information
over the phone with the assistance of a trained
interviewer. This includes people who have more than
one place 1o live and are not sure at which residence to
count themselves, as well as people who have
misplaced their mail forms, never received a form, or
received a form with an incorrect address. People who
have misplaced their form, never received a form, or
received a form with the incorrect address can also
request another form be mailed to them. For the
purpose of this analysis, when the caller cannot provide
their census identification number in either an interview
or replacement mailing situation, it will be considered
an alternate data collection. Without an identification
number it is not possible to identify the form type
assigned to the caller’s address, so a form type is
assigned within the TQA instrument (i.e., short to long
forms). Thus, it is possible in either the TQA interview
or TQA replacement mail situation to collect short form
data from housing units that were intended to be long
form recipients, and vice versa.

The objective of this evaluation is two-fold, 1) to
determine the percentage of households and people
who are counted by a short form rather than a long
form as intended; 2) to determine whether there are
significant statistical differences between those who



respond by long form as intended and those who do
not.

Methodolo

The first step of the analysis compared percentages of
final selected returns' that were a priori long form but
were counted by a short form at the household level. -
The second step included a test of differences for age
and race/ethnicity.

Results

There were 19,469 households in Sacramento that
were a priori long form, of these:

. 19,196 (98.6%) were countad as
assigned
. 62 (0.4%) were counted by an
~  alternative data collection method
. 211 (1.0%) were counted by a short

form mail or enumerator return

There were 37,223 households in South Carolina that
were a priori long form, of these:

» 36,847 (99.0%) were counted as
assigned

. 29 (0.1%) were counted by an
alternative data collection method

. 347 (0.9%) were counted by a short

form mail or enumerator return

The last bullet in each of the sites show that there are
instances in which a household can return either a short
mail or enumerator form, such as the case when 1)
multiple returns are received from a household, and a
short form is selected over a long form or vice versa,
2) through the mislabeling of forms during
Nonresponse Followup or 3) households added during
Update Leave that were given a short form instead ofa
long form.

! More than one return may be returned and checked-in
for an address. However, the Census Bureau employs an algorithm
based on several factors that selects the final return(s)for an address.
This analysis is based only on the selected retums.

Test of Difference

Tables 1 - 2 include a test of difference for age and
race/ethnicity of a priori long form persons that were
counted as assigned and those that were not. Each
column includes all form types- mail returns, update
leave (South Carolina only), enumerator returns, and
alternate data collection forms. Only significant
statistics are shown in the table,

TABLE 1 -DEMOGRAPHICS OF PERSONS WHO WERE
COUNTED AS ASSIGNED VERSUS NOT AS ASSIGNED

SACRAMENTO
Demographic Countedas  Not Counted a5
Characteristics Assigned Assigned
N= 43,796 N=848
Age
<6 8.32% 11.79%
6-17 1737 20.52
18-29 1533 19.22
30-45 25.13 2547
46-65 20.50 14.62
>65 13.35 837
Race/Ethaicity
White, alone 54.94% 39.29%
Black, alone 18.09 19.75
American Indian/
Alaska Native 2.78 3.07
alone
Asian 14.41 21.46
Two or more 4,96 6.49
races
Hispanic or
Latino (of any 19.03 26.18
race)
p<=_001

Those in the younger categories, below the
age of 30, were more likely to not be counted
as assigned.

Races other than White and Hispanics appear
less likely to be counted as assigned compared
to Whites.



TABLE 2 -DEMOGRAPHICS OF PERSONS WHO WERE
COUNTED AS ASSIGNED VERSUS NOT AS ASSIGNED

SOUTH CAROLINA
Demographic Counted as Not Counted as

Characteristics Assigned Assigned

N= 86,582 N=063
Age
<6 7.88% 9.87%
6-17 17.01 20.52
18-29 15.46 19.22
30-45 24.74 25.03
46-65 22.76 21.50
>65 12.14 7.48
Race/Ethnicity
White, alone 57.92% 51.09%
Black, alone 37.79 45.59
Hispanic or
Latino (of any 1.99 1.14
race) ’

p<=00!

. Thase below the age of 30 appear more likely
to not be counted as assigned.

. . Inseveral categories it appears that races other
than White were less likely to be counted as
assigned compared to Whites.

Conclusions

. Alternative data collection methods had

virtually no effect on long form sample loss,
about 0.4% in Sacramento and 0.0% in South
Carolina.

. The majority of long form sample loss is due
to form assignment problems with added units
during update/leave or persons being counted
by an enumerator short form.

. The distribution of long form persons not
counted as assigned was greater for races
other than White.

. The TQA operation for Census 2000 is

currently being redesigned to collect only"*
short form data. Although this new design has
the potential to further increase long form
sample loss due to alternate data collection
forms, we do not anticipate this as a major
concern since the Dress Rehearsal results
indicate that a very few households were
counted through a TQA long form interview.

Nonresponse to Long Form Items

Background

In 1990 the Census Bureau experienced substantial loss
of long form data due to total nonresponse to the long
form items. These forms were essentially converted to
short forms. In 1990, there were two forms received
during a Census-- mailout/mailback forms and
enumerator forms. Enumerator forms were used during
Nonresponse Followup (NRFU), an operation in which
data was collected from households that did not
originally respond to the Census.

In 1990 over 22% of the enumerator long forms had to
be converted to short forms because they were missing
all of the long form data. Only 1% of mail long forms

. were converted. The design of the 1990 enumerator

long form may have been a contributing factor to the
loss of long form sample data. The design was as
follows: Short form person items, long form housing
items, and finally long form person items. The data
from 1990 indicates that enumerators were completing
the short form person and housing items, but in many
cases were not able to get any long form person data.
Based on this, the analysis in 1990 examined long form
sample loss with respect to long form person items
only.

Methodology

In the Dress Rehearsal (DR) the Iong form was
redesigned to begin with the short form person items
followed by the long form person items, and long form
housing items. Total nonresponse for the long form
person items were calculated for all data defined
persons within a household. If the entire household
completed at most one long form item this was
considered nonresponse to the long form. The
methodology also includes a test of difference for age
and race/ethnicity for those who responded to two or
more person items versus those who did not. The test
of differences was restricted to enumerator forms only.
Results

The column categories indicate the number of
converted mail and enumerator returns from 1990, as
well as the percentage of forms missing all long form

~ person items for each of the Dress Rehearsal sites. The

mail and enumerator categories for 1990 include the
percentage of converted forms for the entire state (i.e.



California and South Carolina). The Dress Rehearsal
data are only comprised of the city of Sacramento and
11 counties surrounding and including Columbia,
South Carolina.

TABLE 3- PERCENTAGE OF MAIL AND ENUMERATOR
FORMS MISSING ALL LONG FORM ITEMS FROM 1990 vs

DRESS REHEARSAL
Mail Enumerator

Site 1990 DR 1990 DR

(state (state

level) level)
Sacramento 1.1 3 25.1 222

(16,145) | (36) (368,399) (1,194)
South 12 4 28 132
Carolina (2,401) (¢:49] (45,610) {1,669)

The table abdve indicates that in Sacramento, there was
about 2 3% decrease in long form sample loss from
enumerator forms in the DR when compared to 1990,
while South Carolina observed approximately a 10%
decrease in long form sample loss from 1990.

Test of Difference

Only significant statistics are shown in Tables 4-5.

TABLE 4 - DEMOGRAPHICS OF HOUSEHOLDERS MISSING

ALL LONG FORM ITEMS
VERSUS THOSE THAT DID NOT
SACRAMENTO
Demographic All Long Form Did Not Have all
Characteristics Items Missing Long Form Items
Missing
N=1,194 N=4,162
Race/Ethnicit
y
White, alone 54.94% 39.29%
Black, alone 18.09 19.75
Native .
Hawaiian/ 9.05 11.27
Other Pacific
Islander alone
Hispanic or 1474 . » 22.13
Latino (of any
race)
p<=.001

]

. It appears that Whites are more likely to
complete a most one long form item.

TABLE 5-DEMOGRAPHIC COMPARISONS OF
HOUSEHOLDERS MISSING ALL LONG FORM ITEMS

VERSUS THOSE THAT DID NoT
SOUTH CAROLINA
Demographic | All Long Did Not Have
Characteristics | Form Items All Long Form
Missing Items Missing
N= 1,669 N=10,983
Age
<6 0.12 0.02
6-17 0.48 0.15
18-29 2091 18.02
30-45 4224 39.83
46-65 26.36 29.41
>65 9.89 12.56
Race/Ethnicit
White, alone 52.61% 48.65%
Black, alone 42.72 47.42
Hispanic or
Latino (of any 2.70 2.050
race)
p<=.00!
. Those older than 45 are more likely to respond

to two or more long form person items.

. It appears that Whites are more likely to
complete at most one long form items.

Conclusions

Mail back forms had little or no effect on long form
sample loss. We expect nonresponse to the mailed back
forms to be low because respondents who take time to
return the questionnaire have probably completed it.
Enumerator forms, on the other hand, significantly
contributed to long form sample loss. Compared to
1990, there was a decrease in total long form
nonresponse for enumerator forms in South Carolina;
this may be a result of the redesign of the long form.
After the 100% items which are asked for each person
+ in the household, the redesign allowed respondents to
answer person items for each person within the
household, instead of moving directly to the housing



items as in 1990. This smooth transition from the
100% items to the person items may be the reason for
the decrease in total long form nonresponse for
enumerator forms in South Carolina. However, in
Sacramento the nonresponse rate remained relatively
stable; this may be a result of the urbanicity of
Sacramento. Asians and Hispanics account for about
36% (144,721) of the population in Sacramento, but
only about 3% (18,617) of the population in South
Carolina. English may be a second language to many
residents of urban areas such as Sacramento. These
individuals may not respond to the Census because
they may have some level of distrust for the
govemment or may simply be unaware of the Census,
and its benefits to their communities. The Census
Bureau is currently examining partnership and
advertising programs specific to these communities, to
increase the awareness and importance of the Census.

During NRFU, enumerators are to collect data from
respondents that did not respond to the Census initially.
The Census Bureau must equip enumerators with facts
about the importance of the Census, along with the
notion that overall only 1 in 6 households receive the
long form, therefore it is imperative that quality data be
collected from the selected households. Enumerators
should also be given extensive persuasion tactics to
obtain sufficient data from persons that are not eager to
respond.

In South Carolina, significant statistical differences
where found for those in older age groups that
completed two or more long form person items and
those who did nat. Specifically, the data indicates that
persons over 45 are likely to complete more long form
person items than younger individuals. The data also
suggest that statistical differences were found for the
race/ethnicity distributions for those who completed
two or more long form person items and those who did
not. The data show that Whites are more likely to
complete at most one item, where minority groups
complete two or more items.

There are several reasons for nonresponse to the
Census, from its seemingly intrusive nature to the
design of the questionnaire. All avenues that contribute
to nonresponse should be explored extensively for the
success of the Census. * *
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Iterative Proportional Fitting in the Census 2000 Dress Rehearsal
Eric Schindler, Bureau of the Census, Washington DC 20233

° KEYWORDS: Dual System Estimation,
: Poststratification, Raking
Iterative proportional fitting, or raking, was employed in
addition to the dual system estimation methodology to
measure the undercoverage for the Census 2000 Dress
Rehearsal conducted during 1998 in three sites. The

raking procedure was used to adjust the initial phase °

estimates for poststrata defined by
race/origin/age/sex/tenure to two sets of marginals
defined by race/origin/age/sex and tenure estimated by
taking the sums of direct dual system estimates for the
same poststrata.  This procedure was designed
specifically to improve reliability and preserve the
race/origin/age/sex cells required for congressional and
state redistricting and to induce approximately the same
coverage differences between owners and renters for each
demographic group. This paper discusses the results of
the procedure and of several alternative raking matrices
with a view towards Census 2000.

1. Introduction

Two years before each decennial census, the Bureau
of the Census executes a Dress Rehearsal, a full scale
implementation of the census in several small sites. The
dress rehearsal is designed as a final test for operations,
forms, estimation, and data publication. In theory, after
the dress rehearsal only minimal adjustments to correct
serious shortcomings should be implemented. The
political controversy surrounding Census 2000 has made
it difficult for the Census 2000 Dress Rehearsal to follow
this prescribed course. :

Two of the three Dress Rehearsal sites, Sacramento,
CA and Menomineg County, W1, mostly an American
Indian reservation, used the Integrated Coverage
Measurement (ICM) design, which based on a recent
Supreme Court ruling will not be used for
reapportionment in 2000. The third site, Columbia, SC
and several surrounding counties, was collected as a

Eric Schindler is a mathematical statistician in the Decennial
Statistical Studies Division of the US Census Bureau. This
paper reports the results of research and enalysis undertaken by
Census Bureau staff. It has undergone & more limited review
than official Census Buregu publications. Research results and
conclusions expressed are those of the authors and do not
necessarily indicate concurrence by the Census Bureau. It is
released to inform interested parties of current research and to
encourage discussion.

traditional census followed by a Post Enumeration Survey
(PES). While the operations and*resuits in Sacramento
and Menominee were much as expected, it appears that
there was substantial undercoverage in the address
listings in the mail delivery areas outside of Columbia,
leading to higher than expected estimated undercount
rates for owners.

* For all sites, the coverage survey was collected in a

" stratified (by predominant race and home ownership)

sample of blocks or block clusters averaging about 30
housing units. The sampled housing units were
reinterviewed independently. The persons counted in the
initial phase and coverage collection efforts were
compared to determine which persons in the initial phase
were correctly enumerated and which persons in the
coverage survey could be matched to the initial
collection.

Estimation of coverage for both designs was by a
poststratified dual system estimator. Poststrata were
defined by 6 race/Hispanic origin groups, 7 age/sex
groups, and tenure, the owner/renter dichotomy. Raking,
or iterative proportional fitting (first suggested for the
Decennial Census in Schindler and Griffin, 1997), was
implemented on a 42 by 2 matrix to help control the
standard errors.

Section II discusses the results of the estimation and
raking procedures at the site and poststratum level
Section III examines several alternative estimation
poststratification and raking options. Section IV
concludes the paper by discussing current plans for
Census 2000. -

II. The Census 2000 Dress Rehearsal
POSTSTRATIFICATION

Poststrata were defined using race, Hispanic origin,
age, sex, and tenure. These variables, plus geographic
identifiers had been used in the 1990 PES. The six
race/Hispanic origin groups are:

1. Non-Hispanic White/Other

2. Non-Hispanic Black

3. Non-Hispanic American Indian/Alaska Native

4. Non-Hispanic Native Hawatian/Pacific Islander

5. 'Non-Hispanic Asian

6. Hispanic (of any race)

Persons who marked more than one race box were
assigned during estimation to the largest non-white race
marked based on 1990 site level census counts.
Race/origin groups which were less than 1% of the site
total in 1990 were collapsed during estimation into the



largest non-white race based on the 1990 census counts,
In Sacramento, American Indians and Native Hawaiians
were combined with Hispanics. In Columbia, all minority
races were combined with Blacks. In Menominee,

Blacks, Native Hawaiians, and Asians were combined

with American Indians.
The seven age/sex groups were:

0-17 18-29 Male 18-29 Female
30-49 Male 30-49 Female
50+ Male 50+ Female

In the Menominee site some of the age/sex categories
were combined for White/Others and for Hispanics.

DUAL SYSTEM ESTIMATION

The site level dual system estimate for the three
Census 2000 Dress Rehearsal Sites was defined by:

DSE -.-.-Cx.é’.x_cix_?’_
i { E’ AJ’

where; C, is the initial count in poststratum i.

C, is the initial count in poststratum i es estimated
from the initial count in the coverage sample
areas

is the estimated number of initial
count persons for whom at least some data was
directly collected - only data defined persons are
included in the E-Sample

is the estimated number of persons in the
enumeration sample in poststratum i. This is

. approximately equal to D,

CE‘ is the estimated number of E-Sample persons
in poststratum i who are determined to have
been correctly enumerated in the initial collected

.. effort.
P, is the estimated number of persons in the

D

i

EI

who are later determined to have not been residents. This
treatment of movers, known as DSE C, uses the best
available data to estimate the number of movers (from
the inmovers) and the best available data to estimate the
residence and match probabilities (from the outrnovers,
collected by proxy).

RAKING

A simple raking or iterative proportional fitting
procedure was executed to help control the variances.
The raking matrix was defined by the collapsed
race/Hispanic origin by age/sex categories in the first
dimension and tenure in the second dimension. The
marginal controls were calculated by adding the dual
system estimates for the interior cells. The initial phase
estimates were then raked to the marginal controls.

The variance estimates in this paper were estimated
by a simple Jackknife procedure which gives similar
results to the stratified Jackknife used in the official
estimates. Bias? at the poststratum level for the raked
alternatives is estimated by: (DSE-Rake)? - VARper pue
and the estimates are ofien negative; MSE is estimated by
VARp,, + Bias’? and the estimates are sometimes
negative,

DRESS REHEARSAL SUMMARY RESULTS

Table 1 shows some summary results, excluding
persons in group quarters, of the initial phase, dual system
estimates and raked estimates for the three Dress
Rehearsal sites. Past experience has shown that coverage
in test censuses is generally worse than in the actual
census. -

Table 1: Summary Results: Dress Rehearsal Estimation

., Coverage survey in poststratum i. . Sacramento | Initial| . DSE| %UC| rakeDSE| %UC
M, is the estimated number of P-Sample personsin . f 0 369434395005 6.47%| 395005 6.47%
&f{;‘;’:ﬁ‘:;}::;oﬁg:mh“ toapersonin |~ o 188202[194398] 3.19%| 194398 3.19%
Because of the special treatment required for persons Tenter 1812321200608| 9.66%) 200608| 9.66%
who move between Census Day and the time of the White/Other |160620)168555] 4.71%| 168555] 4.71%
coverage interview, the last term of the equation is owner 91545) 94020 2.63%| 93703 2.30%
actually somewhat more complicated: renter 69075| 7453s| 7.32%| 74851 7.72%
5 Black 59005| 64647| 8.73% 64647 8.73%

5 B, F B ey X A owner 22355| 23141] 3.40%|  23350] 4.26%
L. ~ [/ outmover renter 36650{ 41506/11.70% 412971 11.25%
M, i . P ) M, . Do Asian 58890| 62643] 5.99%| 62643] 5.99%
1 it “'. y j.‘:;:- owner 33057| 34153| 3.21% 34151) 3.20%

where nonmover, inmover, and outmover are obviously H“m“ :::?: Z:::? 9'32? 28492] 9.33%
a ispanic + . .319

defined and P,_'omom is the estimated number of persons oul:ncr 41245| 43083 j;;; Z::g; 2:::
originally enumerated in the P-Sample including some renter 49674] 56078[11.42%| 55967 11.24%




Fioommee | Imtal] DSE| %UC| rakeDSE] _%UC
Total 4550] 4694| 3.06% 4694] 3.06%
owner 2937] 3026} 2.93% 3026] 2.93%
renter 1613 1668| 3.30% 1668| 3.30%
Amer Ind + 3859, 4024] 4.10% 4024 4.10%
owner 2327| 2485) 6.34% 2450| 5.02%
renter 1532{ 1540| 0.49% 1574| 2.68%
P — e ———
Columbia Initial] DSE{ %UC| rakeDSE| %UC
Total 6286161693724] 9.39%| 693724] 9.39%
owner 452310/507865/10.94%| 507865| 10.94%
renter 176306] 185858 5.14%] 185859 5.14%
White/Other |359854|384073| 6.31%| 384073] 6.31%
owner 286891/308384| 6.97%| 310670 7.65%
renter 72963] 75688| 3.60% 73403 0.60%
Black + 268762]|309651113.20%] 309651] 13.20%,
owner 165419{199481/17.08%| 197195] 16.11%
renter 103343{110170| 6.20%] 1124551 8.10%
+: In Sacramento Native Hawaiians and American Indians
were collapsed with the Hispanic population.
In Menominee, Blacks, Asians, and Native Hawaiians
were collapsed with the American Indian population.
In Columbia all groups except non-Hispanic Whites
were collapsed with the Black population.
Rounding may cause slight differences between the
published results and those presented here.

The results for Sacramento were consistent with
those observed in the 1990 PES. The estimated
undercount rates were higher for renters than for owners
and higher for minorities than for Whites. The total
undercount (6.47%) was higher than the 1990 PES, but
this is consistent with experience from the 1990 Dress
Rehearsal. The raking procedure widened the differential
between White owners and renters and narrowed it
between Black or Hispanic owners and renters. The
standard errors for the raked poststrata average about
80% of the preraking values. The unweighted mean
square errors of the 56 postcollapsing poststrata after
raking average only 22% of the unraked poststratum
variances, indication significant bias reduction.

Although similar 17% and 46% reductions in the
average poststratum level standard errors and mean
square errors, respectively, occurred, the estimation in the
Columbia site did pot proceed nearly as smoothly as in
Sacramento. The overall undercount rate was about 3%
higher. The undercount rate for minorities (almost all
Black) was higher than that for Whites, but the
undercount rate for owners was higher than that for
renters for both race groups. This was especially so for
the poststrata for owners under 50 years old. The
poststrata for white older persons showed the expected
higher undercount rates before raking for renters than for
owners. For minorities, the owners over 50 years old had

higher undercounts than the over 50 renters but not by as
much for the under 50 owners.

Table 2: Undercount Rates by Tenure in Columbia

Race Age Ovmer Renter
Non-Hispanic <50 |'922% | 257%
White
250 3.25% 6.43%
All Others <50 18.78% 5.88%
250 11.74% 5.54%

Investigation showed that the estimates for just the
city of Columbia were consistent with those for
Sacramento. Also, the estimates for the most rural areas
of the site where the Census Burean enumerators updated
the address list while delivering forms were also
acceptable. The bulk of the problem occurred for the
60% of the site population who lived in mailout/mailback
areas outside of Columbia where the addresses were
provided by the Postal Service. It appears that many
housing units near the edges of these mailout/mailback
areas were not reported. These units are mostly owner
occupied. This problem will be addressed in Census
2000 by redesigning the creation of the Master Address
File, 2 major component of which will be a block
canvassing operation searching for additional housing
units nationwide.

Seven block clusters (out of 665 total block clusters)
with varying collection problems, all ‘in the
mailout/mailback areas outside of Columbia or the
update/leave areas, had a disproportionate impact on the
estimates. Table 3 shows the Columbia estimates
omitting these seven block clusters. The owner/renter
reversal has been greatly reduced, from about 5.8% to
0.7% at the site level and from 8.1% to about 2.8% at the
poststratum level.

Table 3: Columbia Results Omitting Outliers

Columbia Initial] DSE| 2%UC| RakeDSE| %UC
Total 628616|689593| 8.84% 689593| 8.84%
owner 452310{497283( 9.04% 4972831 9.04%
renter 176306§192310| 8.32% 192311} 8.32%
White 359854/383402| 6.14% 383402| 6.14%
owner 286891[306135| 6.29% 306585] 6.42%
renter 72963| 77266} 5.57% 76817] 5.02%

Black 2687621306192(12.22% 306192] 12.22%
owner 165419(191147{13.46% 190698| 13.26%
renter 1033431115044{10.17% 115494} 10.52%

The reversal of undercoverage rates for owners and



renters from the expected direction in Menominee has not
been thoroughly investigated.

IIl. Design Alternatives

Raking, as applied in the Census 2000 Dress:

Rehearsal, approximately imposed a uniform difference
in estimated undercount rates on all pairs of owner/renter
poststrata. This difference was about 5.5% in Sacramento
and -8.75% in Columbia. It is possible to lessen this

consistent effect by defining more marginal cells in the .

second dimension of the raking matrix. Recall that the
first dimension was defined by the six race/Hispanic
origin categories crossed by the seven age/sex categories
which were then collapsed to eliminate small cells. The
second dimension was defined by the two tenure cells
only. Two types of additional variables can be defined in
the second dimension. The first is designed to capture
interactions between race/origin or age/sex and tenure by
using reduced versions of the variables in the first
dimension. The second type of variable, "new" variables,
would allow the formation of more homogeneous
poststrata.

A. Interactions

A race/ageftenure interaction was observed in
Columbia which was masked by the raking. Therefore,
two additional dichotomous variables were defined:
overfunder 50 and nonminority/minority.  These
additional variables can be included in the second
dimension of the raking matrix, yielding eight marginal
cells instead of two. Since these variables are already
included in the first dimension of the raking matrix in an
expanded form there is no change to the before raking
estimates at summary levels at the race/origin by age/sex
level. The addition of these variables to the second
dimension of the raking matrix retains most of the gains
of raking for standard errors and reduces the changes
made from the before raking poststratum estimates.

The estimates for Black children in Sacramento are
typical, with lower MSEs and almost 100 fewer persons
moved from renter to owner when the interactions are
included. With the interactions in the raking procedure,
the estimates for Black children are less biased (in fact,
the estimate of BIAS? is negative), have lower mean
square errors, and preserve almost all of the reduction in
standard error of the simple raking procedure.

Table 4A: Estimates for Black Children in Sacramento

Estimate Owner Renter

Initial Estimate 6477 14855

DSE before Raking (s¢) 6624 (265) | 17203 (747)

Undercount Rate .2'.22% 13.65%

Rake by Tenure (sc) 6942 (204) | 16885 (605)

Undercount Rate 6.70% 12.02%

RMSE / BIAS 259 /7 161 | 626 / 161

Dijfference from DSE +318 =318

Reke by Tenure, Minority 6857 (209) | 16971(628)
Status, and +/- 50 (se)

Undercount Rate 5.54% 12.47%

RMSE / BIAS 190 / nfa | 621 / n/a

Difference from DSE +233 -233

The real advantage of including the interactions
occurs in Columbia where the results were not as
expected. White owners had worse coverage than White
renters, but not White owners over 50. Raking by just
tenure forced the older population to follow the overall
pattern. For White males over 50, 781 persons, 1.6% of
the before raking DSE, were moved from the unraked
renter poststratum to the raked owner poststratum and
error estimates increased substantially with large biases.
Raking with race and age as well as tenure in the second
marginal inciudes the interactions , stops the imposition
of average coverage factors, significantly reduces the
bias, reduces the MSEs especially for renters, and reduces
the number of White males over 50 moved by raking to
159, only 0.3% of the population.

Table 4B:Estimates for White Males over 50 in Columbia

Estimate Owvmer Renter

Initial Estimate 46432 5073

BIAS 1697 448

DSE before Raking (se) 48317 (875) | 5670 (395)

Undercount Rate 3.90% 10.53%

Rake by Tenure (sc) 49097 (888) | 4889 (189)

Undercount Rate 5.43% -3.76%

MSE / BIAS 1118 / 678 | 704 / 678

Difference from DSE +781 -781

Rake by Tenure, Minority | 48476 (878) | 5511 (295)
Status, & +/- 50 (s¢)

Undercount Rate 4.22% 7.95%

MSE / BIAS 868 / n/a 266 / n/a

Difference from DSE +159 -159

MSE = (Est-DSEY - Var(Est-DSE) + Var(Est)

Bias? = (Est-DSE)* - Var(Est-DSE)




Table 5 summarizes the resuits by averaging over the
84 poststrata. In Sacramento, raking reduces the
variances and the mean square errors substantially with or
without the interactions, with no measurable bias in either
case. In Columbia, raking reduces the estimated
variances but the added bias increases the mean square
error 18% overall and 30% for persons over 50.
Including the interactions adds back about half of the
variance reduction, but the reduced bias decreases the
mean square error to a 13% increase overall and an 8%

decrease for persons over 50. Including the interactions .

also decreases the number of persons shifted by raking,
especially for those over 50. In Sacramento reking
changes the 56 collapsed coverage factors by an average
of 2.3%. Including the interactions decreases this change
t0 2.0%. In Columbia, the corresponding decrease for the
28 collapsed poststrata is from a 3.7% change to 8 2.7%
change; for the 8§ collapsed poststrata for persons age 50
and over the decrease is from a 4.5% change to 2 1.6%
change. As expected, including the interactions is
preserving the difference in coverage by tenure for those
over or under age 50 which is lost if only tenure is
included in the second dimension of the raking matrix.

Table 5: Average Statistics for Raking for two Options
over 84 Poststrata (24 for over age 50)

Sacra- Columbia
mento
Total Over50
No Raking: VAR 44929 | 356755 | 168830
Reke by tenure
VAR 30078 | 259479 | 156408
moved by raking 39 112 165
MSE 16640 | 421955 | 218656
BIAS? -13437 | 162477 62248
Reke by tenure, minority
status, and over/under 50
VAR 32821 | 307986 | 161927
moved by raking 30 83 57
MSE 20474 | 402549 | 155709
BIAS? -12348 94563 6218

The results comparing the raked estimates with or without
the interactions to the unraked DSEs for the individual
poststrata are displayed in the graphs at the end of the
paper. Including the interactions had little effect in
Sacramento where the corresponding squares and
diamonds are fairly close to one another. However, in
Columbia, including the interactions produces 10%
differences for the White renters over age 50.

B. Additional Variables

Additional variables have been proposed for
poststratification in the second dimension of the raking
matrix for Census 2000. These include:

e Geographic variables. These could be for major

areas such as Census regions, Census Divisions, or

states, or for subareas such as urban versus nonurban
areas or mailout/mailback versus update/leave areas.

These variables were not applicable in Sacramento,

but could have been important in the Columbia site.

Investigation of these variables at the national level

with the 1990 PES data can be found in Farooque

(1999).

e Neighborhood characteristics such as mail return
rate, percentage minority, or poverty rate. These can
be used separately or combined into a short form or
long form neighborhood "hard-to-count” score.
Variables based on data from the Census 2000 "long
form" would have to use 1990 data, while a "short
form" score could use Census 2000 data. Farooque
(1999) is finding that mail return and minority rates
are statistically significant.

e Household composition variables which attempt to
identify households and residents which are more
likely to have good coverage. A simple variable with
some effectiveness is whether the first two persons in
a household are married. A more complex variable
which is very significant in the logistic regression
work in Farooque (1999) places single persons over
50 and married couples over 30 and their minor
children (and then only if the only other persons in
the household are older children and at most one
elderly parent) in Class 1 and everyone else in Class
2. This particular variable is about as important as
race/Hispanic origin or age/sex .as an indicator of
coverage.  Unfortunately, these variables are
influenced by coverage which tends to be better in
the P-Sample. This results in more people being in
Class 1 in the E-Sample and in Class 2 in the P-
Sample. This imbalance leads to biases which
cannot be eliminated. Unless a workable definition
of this significant variable can be found, it probably
should not be used.

-

IV. Conclusions

« Raking, or iterative proportional fitting, can be a
valuable tool in reducing both the variance and the
total error in the dual system estimation for Census
2000.

¢ Inclusion of interactions for race and age can control



the bias due to raking when the simpler raking model
is inappropriate for a particular subpopulation as
occurred in Columbia.
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VARIANCE ESTIMATION FOR THE MULTIPLICITY ESTIMATOR IN
THE SERVICE BASED ENUMERATION PROGRAM
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1 Introduction

Service Based Enumeration (SBE) is the statistical
program that the Census Bureau uses to estimate the
population of persons without usual residence who use
services. The methodology selected to measure this
population is a multiplicity estimate of the number of
times they use service facilities. This paper first
presents the justification of the estimator and a
derivation of its .variance. The estimator of this
variance then follows in a straightforward fashion. We
examine the behavior of the multiplicity estimator and
its variance. An important specific case is the one in
which usage is assumed to follow a Bernoulli
distribution. Results are presented that show what
happens to the variance when the probability parameter
for the Bernoulli distribution is varied.

2 SBE Methodology
2.1 The SBE Estimator

Multiplicity estimation is the methodology selected
for use in the SBE program. Part of the population is
enumerated on a specified day and asked about their use
of services during a recent reference period. This
information allows us to estimate the size of the total
population using services. There are many multiplicity
estimators, each relying on a different multiplicity rule.
The SBE estimator relies on two usage questions to
obtain the data. One question asks about shelter usage,
while the other, directed at people who do not use
shelters, asks about usage in soup kitchens and mobile
food vans.

This paper reports the results of research and analysis
undertaken by Census Bureau staff. It has undergone a
more limited review than official Census Bureau
publications. This report is released to inform
interested parties of current research and to encourage

discussion.

One day is selected, and everyone is counted on that
day. A multiplicity estimator for the shelter component
of the estimator is given by

¢))]

where n represents the number of persons enumerated at
a shelter on the selected day, and Ay represents the
number of days person k used a shelter during the
shelter reference week, that is, the current day and the
six prior days.

Enumeration at soup kitchens and mobile food vans
took place the day after enumeration at shelters. The
soup kitchen and mobile food van component is given

by
(2)

where m represents the number of persons enumerated
the next day at a soup kitchen or a mobile food van
during the soup kitchen reference week, which
consisted of the next day and the six prior days. B,
represents the number of days person h received a meal
from a soup kitchen or mobile food van. This
summation does not include people who used a shelter
during the shelter reference week. The combined
estimator is then

(3) For more information on this estimator see Kohn
and Griffin (1999).

2.2 Justifying the Estimator Statistically

In order to justify our use of the estimator in (3), we
describe circumstances under which it is appropriate. In
this section and the next two, we examine the properties
of the shelter-only estimator, as given in (1). The
results will then be extended to the combined estimator
for the shelter and soup kitchen populations in section
25. To
start we make the following assumptions:

(a) The entire population of shelter users can be
divided into eight mutually exclusive groups
Go, Gy, ..., Gy, where G; includes all those who
used shelters i times in the reference week.

(b) Each person in G; used the shelter on i days
randomly selected during the reference week.



(c) Users in the population visit shelters
independently of each other.
(d) There is no response error. That is, the

number of days given as the frequency of
shelter use during the reference week is the
true pumber.

Obviously, these assumptions do not hold in reality.
For example, consider (b).
experience heavier usage certain days of the week or
different times of the month. Indeed, weather may be
an important factor. Assumption (c) ignores the
clustering effect of companions and of mothers with
children. The most questionable assumption is (d). It is
likely that many users will simply not recall how many
times they have visited shelters over a weck's time.
However, there are few inferences we can make without
these or other such assumptions.

It is worth mentioning what these assumptions do not
imply. (1) They do not assume that each person in the
population behaves the same way with respect to the use
of shelters. That is, the probability that a person falls in
G; can vary from person to person. (2) For any
individual, the mechanism for determining whether a
visit is made to a shelter need not be independent over
the days of the week.

Note that this population does not include people
who never use shelters. The goal of SBE is not to
estimate all homeless people, but simply those who use
shelters (and, in section 2.5, soup kitchens). The set of
people in Go are those who sometimes use shelters but
did not use a shelter during the reference week. Among
shelter users, only those in Go can be included in the
soup kitchen and mobile food van estimate, That
estimate therefore covers the people in Gy, and those
who never use shelters but sometimes use soup kitchens
and mobile food vans.

Let N; be the number of people in group G,, and let
N be the size of the shelter population, that is,

Fgom equation (1) one sees that the shelter-only
multiplicity estimator is the sum of 7 over Ay, where Ay
is the number of shelter visits made during the reference
week for the kth person, over the population
enumerated at shelters. By grouping together the Au's
corresponding to people with the same number of visits
(that is, into their groups G;), we can rewrite the
estimator aswhere, fori=1, 2, ...7, n;is

the number of people counted in the SBE operation (out
of N, people in G,) who visited shelters i times in the
past week.

It is likely that shelters .

It is easy to determine the conditional distribution of
the n;. Under the assumptions above, given N; n
follows a binomial distribution with N; trials and
probability of success equal to i/7. (One observes that
n is equal to N with certainty).

Since is an obvious estimator for N,, the shelter-
only multiplicity estimator,, can be defined as

. We seec an immediate problem: with the shelter-only

' estimator, , we have not included a component to

estimate N, the number of people in Gg. We leave the
derivation of more complex methods to estimate N to
another paper, but present a partial remedy in section
2.5, where we investigate the combined estimator for
shelters and soup kitchens.

2.3 Conditional Mean and Variance of

Because each n, follows a binomial distribution with
parameters N; and i/7, the derivation of the expected
value and variance of the multiplicity conditional
estimator is straightforward:
E(nil {No, Ny, ..., N7} ) = Ni(i/7), and
E( I1{No, N1, ...Ns} ) = = N-No.
Clearly, is biased downwards by the amount N,.
Under assumptions (a) and (c), and conditional on the

set {No, N, ..., N7}, the random variables n;, ny, ..., ny
are stochastically independent. It then follows that

Var ( | {No, Ny, ... N3})

Var( n; I {ND, Nh eney N7}) (7Ii)2

N, (7) (1 - ¥7) (Th)

= N (7-)/i )

We obtain a straightforward estimator for this variance
by estimating the population components N; :

( l (NOv Nlr vooy N'I})
= m(7h) (7-i) /i

=n7(7-i)/i%. )



Finally, we can obtain the conditional variance of this
variance estimator:

Var ( ( | {No, Nl. very Nﬂ I(No. N;, weny N‘!}) )
= N A -7 7D/

= N;(7-i)* /. (®)

As one would expect, for a fixed total number of .

people N - Np, the true variance increases as the people
make fewer visits to shelters during the reference week.
In that case, fewer shelter people tend to be enumerated,
and the weights applied to their records, 7/i, tend to be
larger.

A simple estimator for the variance of (! {No, Ny, ...,
N;} ) in (6) can be given by inserting estimates, n; (7/i),
for each N;.

2.4 Unconditional mean and variance

The results in the previous section demonstrate what
happens conditional on the population sizes Ny, N, ...,
N;. But the behavior of the estimator also depends on
the stochastic mechanism that produces the values of
the Nyi's. After all, someone who visits a shelter four
times one week may well visit twice in another week.
How does this variability affect the distribution of ?

The unconditional mean of is as follows:
E() = E[E(n (7/i)]|{No, Ny, ..., N2} ),

where the outside expectation is taken over the
distribution of possible values of the vector {Ng, Ny, ...;
N:}. As the terms n; (7/i) are conditionally unbiased
for the N,, we can write

E(Q = E[N] = E[N-No]

= N-E[No]

Thus the mean of has a downward bias equal to the
expected value of N, the expected size of the shelter
population who do not make a visit in the reference
week (Go). The unconditional variance can be derived
similarly:

Var() = Var[E(n(7/)!{No Ny, ..., N7} )]

+ E[Var (n; (7A) | {No, Ny, ..., N3} ) ]

= Var[N] + E[N,(7-i)/i]

\

= Var[N-No)] + ENp(7-i)/i

= Var[No] + EN)(7-i)/i ¢))]
The leading component of the variance in (7), Var [No ],
may be small if the term Np tends to be small. Note that
the result in (7) requires only the assumptions made in
section 2.2. It is not necessary that different people in
the population visit shelters in the same way or with the
same probabilities.

2.5 Extending to the combined shelter and soup
kitchen estimator

To this point we have investigated the distribution of
the shelter-only estimator. The extension to the
combined shelter and soup kitchen multiplicity
estimator is important because we can account for (i)
people who visit shelters at times, but did not during the
reference week, and (ii) people who never frequent
shelters, but who sometimes visit soup kitchens.

Let us recall the procedure applied at soup kitchens:
all people enumerated there are asked two questions: (1)
how many times in the reference week they visited a
soup kitchen, and (2) whether they visited a shelter at
any time during the reference week. If the answer to (2)
is " yes,” their response does not contribute to the
soup-kitchen component of the combined estimator, as
they were represented in the shelter population
already--whether or not they were enumerated at a
shelter. The idea is to represent each person, that is,
give him or her a chance to be enumerated, but only
once. If the answer to (2) is “no,” they are assigned a
weight equal to seven times the reciprocal of their
response to (1), similar to the weighting used in the
shelter-only estimator. The result is the combined
estimator in equation (3).

To justify the combined estimator, we first define the
population more generally than before. We include all
people who sometimes use a shelter or a soup kitchen
or both, although they may have used neither in the
reference week leading to enumeration day. This
population can be divided into 64 groups G; of size Ny,
where G, includes all those who visited a shelter i times
during the reference week, and also visited a soup
kitchen j times during its week. In the groups Go;, j = 0,
1, ..., 7, are those people who did not use a shelter
during the reference week, including those “who
sometimes use a shelter and those who never do.
According to our definition of the population, those in
Guo sometimes use a shelter or a soup kitchen.

Because we exclude from the soup-kitchen
component of the estimator any census respondents who



used a shelter in the reference week, we can limit
ourselves to estimating the following components of N:
N;, N, ..., N7, Noi, Naz, ..., and Ngz.  All persons in Gy,
where i > 0, do not contribute toward the second
summation in (3), the soup-kitchen component, but are
represented in the estimation of N; through the first'
component--whether or not they were enumerated at a
shelter.

We extend the assumptions given above in section
2.2 analogously to the use of soup kitchens. Then the
combined estimator can be written as

= m(74) + ng (),

where the ny are the number of people in Gy
enumerated in the SBE operation at soup kitchens. The
results derived in the previous sections carry forward
analogously. Conditional on the set of population sizes
{va Nz. veny N'l; Nol, No:. eeey Nm},
E( 1 {Ny, Ny, ..., N7; Noi, Nez, ..., Nor})

=N; + Noj = N-Nm.and
Var ( } {Nh NZ. vaey N'I; NOI, N027 very NW])

= Ni(7-)/i + Ny(7-§)/j.
This suggests the following conditional estimator of the
variance of N hat:
( | {Nh N1v veey N'I; NO]: N(n. ooy NW})

= m70-D/® + ng7(7-5)/5. 3)

As with the shelter-only estimator, the conditional
variance of the variance estimator is easily obtained:

Var () | {Ny, N3, ..., N7; Noi, Nag, ..., Noz})
= Ny (7-)* /P + Ny(7-§)°/§ 9
Unconditionally, the mean and variance of are
E() = E[N + Ny] = N-E[Nw],
and
Var() = Var[Ng] + EQN,) (7-i)/i
+ EMNo) (7-5) /. (10

Again we see that the estimator is biased downward,
now by E[ Ny ], the mean number of people who

frequent shelters or soup kitchens, but who visit neither
during the appropriate reference week. This number is
generally smaller than E [ No ], the bias in the
shelter-only estimator. If we are willing to apply
information about the behavior of people in the target
population, we can model the distribution of Noo and the
set {N]. N,, ..., N3 No, Noz oo Nm}, and thereby
predict the unconditional performance of the combined
estimator, . In fact, under reasonable assumptions the
unconditional mean and variance of Noo may contribute
only a very small part of the total mean and variance.

3 Constant Visit Probabilities Over the Population

To investigate the behavior of the multiplicity
estimator under actual conditions, we add one
assumption to those made in section 2.2:

(¢) The probability, fy, i =0, 1, ..., 7, that a person
makes i visits to a shelter and j visits to a soup
kitchen during the respective reference weeks,
is the same for each person.

Note that we are not yet making any further claims
about the day-to-day behavior of the individuals beyond
what has already been assumed in section 2.2.

Consider first the shelter-only estimator. Analogous
to previous notation, fori=0, 1, ..., 7, let f, be the sum
of the fy's as j runs from O to 7. Under (e) and the prior
assumption of independent shelter use ((c) in 2.2), for a
population of N people who sometimes use shehers, the
set {Np, Ny, ..., N;} follows a multinomial distribution
with N trials and probability parameters f,, f), ..., fi.
Thus each N; has a binomial distribution with
parameters N and fi. The conditional results of section
2.3 pertaining to-the multiplicity estimator continue to
hold. But now we can derive its unconditional mean
and variance as well. ‘Substituting into the equations in
section 2.4, we conclude that

EQ=@® -Nfg)=N( -f),and
Var() = Nfo(1-fo) + Nfi(7-)/i.

If fo is small, the relative bias is small, and the first
component of the unconditional variance is small
relative to the other components.

Extending these results to soup-kitchen enumeration
is straightforward. The number in the population who
make no visits to shelters or soup kitchens during the
reference weeks, Ny, follows the binomial law with
parameters N and feo. The bias in the combined
estimator is E [Nw] = N fo, and the variance is



Nfw(l-fo) + Nfi(7-i)/i
+ Nfo (7-)7]. (11)

Var () =

1

4 The Bernoulli Model for Visit Behavior

In this section we discuss the case where individual .
service usage follows a Bernoulli distribution. We

make one last assumption:

() On any day in the reference week, each person
is assumed to use a shelter (soup kitchen) with
probability p; (p:), with behavior independent
from day to day and over facilities.

Thus for any person the number of visits to a shelter
(soup kitchen) over the seven days is binomially
distributed with parameters 7 and p; (p2); the f's and
fo's above are replaced by values of the binomial
probability function. It follows easily that
N[1-(Q-p)(1-p)'],

E() = N(1-fyx) =

and from equation (11),
Var( )=

Total variance]
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We will make the simplifying assumption that usage at
shelters and soup kitchens occurs with the same
probability; that is, p) = p, = p. Different probabilities
of scrvice usage can produce very different estimates of
the unconditional variance and of related statistics.
These statistics are proportional to N, but it is
illustrative to hold N constant while varying p. The
following graphs give the variance and other statistics
as a function of p, while holding N constant at 2,500.

The first graph gives the total unconditional
variance; it reaches a maximum of about 10,200 at p =
0.13. As p is reduced from 1, the variance at first
increases because the counts in the lower usage
categories for the shelter and soup kitchen variances
will increase, and, as we have seen, the lower usage
categories have more of an effect on the variance than
do the higher usage categories. Eventually, however, as
p is reduced further, so many people fall into the
no-usage category that the variance of the other two
components begins to decrease, so that the total
variance will decrease.

No-Usage Var / Total Va

0.15

Fraction of Total Variance

o

Probability

The no-usage variance also decreases once p becomes
small enough. It does, however, assume a larger
fraction of the total as p becomes smaller. The next
graph presents that variance as a fraction of the total
variance. It shows that the no-usage component of the
variance is only significant when p is small. At p =
0.13, it is only about 3% of the total, and at p = 0.20, it
has already fallen to approximately 1%. -

The next graph shows the relative bias of t.hc
estimator, E (Nw) /2500 = (1 -p)*.

Relative Bias
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too quickly falls to insignificance as p increases,
equaling, for example, approximately 0.02 at p = 0.25.
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Next, we see & graph of the relative mean square error.
Finally, we sce the bias as a fraction of the square root

of the MSE.
Bias / Root MS

The relative bias is initially substantial. At p = 0.01, for
example, it equals 87%. As one can see from the prior
graph, it falls quickly; as long as p is equal to at least
0.3, it will be under 1%. The relative mean square
error declines in a similar manner. Thus the bias is, at
the lowest usage probabilities, a substantial fraction of
the root MSE, making up essentially all of it for
probabilities of about 0.1 or less. Once p has risen to
0.3, however, this fraction has fallen to approximately
23% and is declining rapidly as a proportion of the

total. By p = 0.4 it contributes only about 3%, and at p
= 0.5 it has become negligible as a fraction of the root
MSE.

To make this analysis more realistic, we can let p,
differ from pa. The general results will be similar, but
we can examine the effect of differences in usage at
shelters and soup kitchens. - Such results are not
included here because of limited space.

5§ Continuing Research

Currently we are pursuing several areas of research:

®  Estimating the " no-usage” component of N,
that is, No or Noo, from the enumeration data,

®  Modeling the behavior of the individuals in the
population allowing for different probabilities
of service usage from person to person.

®  Determining the distribution of {No, Ni, ...,
N>} under various behavior models.

®  Approximating the actual distribution of {Nj,
N;, ..., Ny} by similar distributions whose
parameters can be reasonably estimated.

®  Evaluating the statistical properties of the

derived estimators, that is, and (), by using
simulations.
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Integrated Coverage Measurement Persons Not Matched in the Census 2000 Dress Rehearsal
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L Introduction

Census 2000 procedures were rehearsed in three sites
during 1998: Sacramento, California; Menominee
county, Wisconsin, including the Menominee Indian
Reservation; and Columbia, South Carolina with eleven
surrounding counties. These sites provided responses to
the initial census as well as to an independent second
enumeration, the Integrated Coverage Measurement
(ICM) survey, of sampled areas in these sites. (In South
Carolina, the coverage measurement survey was designed
as an evaluation not strictly integrated with the census.
Yet, to simplify descriptions, this paper refers to all 1998
coverage measurement as ICM.)

The ICM involves two samples. Both are based on
bousing units found in blocks (or subsampled sections of
large blocks) selected from census sites. The E-sample is
comprised of persons reported in the census as Census
Day residents in those housing units; it is used to count
errors among those the census did count. The P-sample
includes persons the survey found residing in housing
units in the same areas on Census Day; it is used to
determine who was missed in the census. Names of
persons in the P-sample of the ICM are sought among
census names. Persons found in both are matches.

The focus of this paper is on P-sample nonmatches,
persons who were not found to be enumerated in the
Census 2000 Dress Rehearsal. The aim is to identify

characteristics that may be related to their being missed in )

census enumeration. The statistic used in this study is the
nonmatch rate, the proportion of nonmatches among P-
sample persons, computed within age, race, and other
descriptive categories. The nonmatch rate is well related
to (but less refined and more inflated than) the dual
system adjustment factor used in census coverage
evaluation. Errors and incomplete data estimated from
the E-sample, as well as matches that may exist among
census enumerations beyond areas searched, are
refinements taken into account by dual system estimates
but not nonmatch rates. Nonmatch rates are worthy of
study indcpcnc_icm of the effects of false or ambiguous

“This paper reports the results of research and an

enumerations, which are investigated by Feldpausch and
Childers (1999) and by Jones and Childers (1999).
Beaghen (1999) modeled both E-sample and P-sample
data to gain insight into misses.

Several prior publications provide more background for

', thisresearch. The procedures for both census and survey
' data collections in the Census 2000 Dress Rehearsal are

described in Waite and Hogan ( 1998). Childers (1999)
describes the ICM more completely.  P-sample
nonmatches were analyzed in the context of the 1990
census results by Moriarity and Childers (1993) using
some of the same variables investigated in this research,

I Limitations

This paper has a specific focus on P-sample
nonmatches and the missed enumerations they represent.
That excludes some other operational and theoretical
concerns worthy of study. Other issues or errors beyond
the scope of this paper include:

» Errorin enumerations made by the census, measured
with the E-sample,

* Imputation error in correcting ambiguity or
inconsistency in census or survey data,

* Ermor in coding residence status or match status for
the P-sample, ) .

*  Error due to whole-household nonresponse and the
non-interview adjustment,

* Response error in reported characteristics,

* Correlation bias or lack of independence between
census and survey enumerations, resulting in
understated or overstated nonmatch rates,

* Lack of independence among groups compared or
correlation due to the design,

* Incomplete representation of all areas of the United
States during a decennial census. Three or so sites
do not represent the variety in the nation. Dress
rehearsal results also did not benefit from a full
census publicity campaign.

* Interactions among variables within site.

alysis undertaken by Census Bureau staff, It has

undergone 2 more limited review than official Census Bureau publications. This report is released to inform

interested parties of research and to encourage discussion.




I0. Methods

This study used final person-level data from the 1998
Dress Rehearsal for Census 2000. More detail on the

processing of the data may be found in Waite and Hogan

(1998). Here is a brief overview of the matching work.
The P-sample people and the census people from the
Census Unedited File (CUF) were computer matched
within cluster. The computer matching involved first
standardizing the name formats. Names and person
characteristics of the P-sample people were compared to
those of census people. A ranking score was assigned to
each pair of person records and the optimal pairings were
jdentified. Those pairs were reviewed to determine
cutoffs in the scores taken to separate matches, possible
matches, and nonmatches. Match cutoffs are assigned
conservatively so there are virtually no false matches.

The possible matches and P-sample nonmatches were
clerically reviewed using an automated match and review
system. The names, age, race, Hispanic origin, sex,
relationship, family composition, and eaddress are
displayed for review by the matching clerks, who
matched some people the computer could not. After the
matching, field follow-up was conducted to resolve or
confirm coding of selected cases.

If match status remained unresolved, match probability
was imputed. When variables used for poststratification
(age, sex, race, ethnicity, and tenure) were missing, values
were imputed. Each record was given a sampling weight
derived from the probability of selection of the block
cluster and of the block segment within the block if it was
very large. For households not successfully interviewed,
a non-interview adjustment was applied to similar other
households.  Sampling weights and non-interview
adjustments were applied in all analyses.

A nonmatch rate, the weighted number of nonmaiches

divided by the weighted number of P-sample persons,

was computed for various groups within the P-sample.

Identifying groups with unusually high nonmatch rates

provides insights on conditions associated with missed

census enumerations. For this purpose, P-sample persons
are grouped using variables:

* Site — The Dress Rehearsal for Census 2000 was
conducted within three states. South Carolina was so
diverse that it was useful to divide it into three parts
and analyze each as if it were a separate site. The
resulting five sites vary on urban -rural character and
type of enumeration area (TEA). TEA= 1, mail-
out/mail-back, is the method of data collection used
when the census address is specific enough to ensure
the form can be delivered to only one location.
TEA=2, update/leave, means each address in sample
will be updated in the field and a census form left for
mail return:

- S, CA = Sacramento, CA - Urban; TEA=1,

- C, SC = Columbiz, SC —- Urban; TEA =1,

-0, SC = Other SC —~ Mixed; TEA =1,

-R, SC =Rural SC — Rural; TEA =2,

- M, WI = Menorninee, WI — Rural; TEA = 2.
Race and ethnicity — Respondents were asked to
identify ethnicity (Hispanic or non-Hispanic) as well
as any race that applied (Black, American Indian,
Asian, Pacific Islander, White, or Other). A person
with multiple race responses was assigned to the

‘largest group, other than white, based on the site’s

1990 census data. Groups were collapsed, as needed
in a site, to form the poststrata used in final dual
systemn estimates. Schindler (1999) describes race
categories more fully. The Sacramento site had four:
- Hispanic, American Indian, and Pacific Islander
- Black (non-Hispanic)

- Asian (non-Hispanic)

- White (including “other””; non-Hispanic)

In South Carolina and Menominee, Black, Hispanic,
American Indian, Asian, and Pacific Islander groups
were collapsed into one group, Blacks predominate
in South Carolina; American Indjans in Menominee.
Sex (Male or Female)

Age — Categories of age over age 17 are usually split
by gender forming seven age/sex poststrata. In this
paper, only basic age groups are analyzed:

- Under age 18

-Age 181029

-Age30t049

- Age 50 or more

Tenure (Home owner or Renter)

Impute — Was age, sex, race, ethnicity, or tequre
imputed for the ICM? (Imputed or not)

Proxy — (Proxy respondent or household member)
Mover -- Did the census day resident move from the
sample address before the survey imcrvicw"
(Mover or Nonmover)

Household Size ~ The number of non-imputed P-
sample persons enumerated at the address:

- One (enumerated on one census form)

- 2-5 (all could be enumerated on one census form)
- 6 or more (supplemental forms required)
Household Strucrure — Type of structure at the
address:

- Single dwelling

= Mult-unit
. = Mobile home

Address Style — Addresses may be written in various
styles. Some are more useful or, at any rate, easier
than others in distinguishing one housing unit from
another or pinpointing its location on a map.

~ Street -- House number and street name,

- Rural route ~ Rural route number or street name,



- PO Box - Post office box number

o  Subsampling — Was there any subsampling within
the block cluster (Subsampled or not)

e Growth ~— Amount of growth in the number of
addresses for the area (tract) since 1990
- Less than 20%
- 20% to 40%
- 40% or more _

s Relisting — To insure the quality of address listsin a
sample block cluster, field staff sometimes revisited

the area and recreated the listing. The conditions .

leading to relisting might be related to those causing
census misses (Relisted or not)

The group nonmatch rates were compared using VPLX,
software designed to estimate variances in complex
sample surveys using replication methods. VPLX was
developed by Bob Fay, Senior Mathematical Statistician
at the U.S. Bureau of the Census, and described in Fay
(1990). VPLX documentation and software are available
at www.census.gov/sdms/www/vwelcome.html.
Swatified Jackknife methods were used to compute
variance estimates for the nonmatch rates. VPLX also
generated t-tests among these rates.

The tests were conducted at 2 90% level of confidence,
using a multiple comparison of means technique with a
Bonferroni criterion, as described by Games (1971). It
controls the probability of Type I error for a family of
tests. In the context of this paper, a family of tests is
defined as all tests conducted between groups of cases
that together comprise the whole site or, when comparing
sites, the whole sample. For example, when comparing
the four race groups within the Sacramento site, six pairs
of nonmatch rates were tested. To control the chance of
Type I error at & = 0.10 for all six tests combined, we
used an adjusted criterion t-value associated with the
probability of one of six two-tailed tests that have a joint

error probability equal to 0.10. In addition, tests with -

groups based on less than 100 person records were
avoided, either through collapsing with other groups or
simply by dropping the group from that family of tests.

IV. Results

In general, results are presented in tables displaying
group names (and group numbers among groups being
compared, usually within site) nonmatch rates (rate), the
stratified jackknife standard error (s. e.), the number of
persons contibuting data to the analysis (n), and a list of
the numbers of groups with which a significant difference
was found (*). Criterion t-values (e.g., It1> 1.65) vary,
as described abqve, with the number of comparisons
being made in the family of tests. They are displayed
below each table. The groups are arranged by nonmatch
rate from lowest to highest to help display data patterns.

Overall, the nonmatch rates in these dress rehearsal
sites are higher than a corresponding rate based on dual
system estimates qualified by erroneous enumerations and
insufficient information. They are also higher than 1990
rates. That is partly due to differences in how often and
how far into blocks surrounding the sample block the
search for census matches and counterbalancing
erroneous enumerations was extended. In 1990, the
search area was one ring of surrounding blocks in urban
greas and two rings of blocks in rural areas. In dress
rehearsal, the search area was the sample block cluster,

: except in a small number of clusters. The dress rehearsal

did not have all the coverage improvement activities of a
decennial census, such as coverage edit follow-up and
block canvassing. Such efforts increase coverage.

The first table shows that the sites, picked to test a
variety of census collection conditions in the U.S., did
indeed differ from each other, but not when grouped by
TEA, which usually yields differing nonmatch rates
(Moriarity and Childers, 1993).

Table 1: Nonmatch Rates by Census 2000 Dress

Rehearsal Site
SITE rate * s. e, n
1.C,SC 0.154 3.5 0.007 17810
2.M, W1 0.171 3-5 0.015 1271
3.5,CA 0.218 all 0.004 36336
4.R, SC 0.255 1-3 0.012 5359
5.0.SC 0.280 1-3 0.008 12751
*®

groups differing at 1t1> 2.57

The results of other analyses are presented separately
within sites. Tables 2, 3, 4, and 5 show comparisons of
groups defined by major poststratification variables,
which historically yield differences in cqverage rates,
thus making the poststratification useful in improving the
dual systemn estimates. Poststratumn groups compared
below differin a few instances from those used in official
dual system estimates, mainly in order to arrange
comparison groups with sample sizes greater than 100.

Table 2: Noamatch Rates by Site and Tenure
[STTE [ TENURE | rate | * [ s.e. n
S,CA| 1.Owner | 0.161 2 0.004 | 19613
| 2. Renter | 0.284 i 0.006 | 16723
C,SC]J 1.Owner | 0.121 2 0.005 | 8459
_| 2.Renter | 0.174 1 0.011 | 9351
0,SC| 1.Owner | 0.261 2 | 0.009 | 9436
2. Reater | 0.333 1 0.018 | 3315
R,SC{ 1.Owner | 0.243 2 0.013 | 4549
2. Renter | 0.316 1 0.032 810
M, WI| 1. Owner | 0.162 0.019 903
2. Renter | 0.187 0.023 368

*  groups differingat 1t1> 1.65



These poststrata results were consistent with 1990.
Nonmatch rates for renters were higher than for owners,
except in Menominee. Whites generally had the lowest
nonmatch rates. Asian and Hispanic race/ethnicity
groups shared  nearly equal, moderate rates in
Sacramento. Those age 50 or over, and next those aged
30-49, had the lowest rates and young adults (aged 18-29)
the highest, except in Menominee. Females often had
lower nonmatch rates than males. Although the trends
were generally consistent from site to site, significant
differences tended to appear more in sites with larger

sample sizes.
Table 3: Nonmatch Rates by Slte and Race/Ethnicity

[SITE | SEX rate = s. €. n

S.CA| 1. Female | 0.210 2 0.005 | 18823
| 2. Mzle 0.226 1 0.005 | 17513
C,SC] 1. Female | 0.141 2 | 0.008 } 9608
2. Male 0.170 1 0.008 | 8202

0,SC| 1. Female | 0.279 0.010 | 6790
B 2. Male 0.281 0.010 | 5961
R, 1. Female | 0.245 0.015 | 2833
2. Male 0.266 0.016 | 2526

. |IM;WI| 1. Female | 0.164 0.021 654
- 2. Male 0.179 0.020 617

Table 5: Nonmatch Rates by Site and Sex

*  groups differing at Itl>165

There was little imputation of poststratification

[STTE RACE rate 5. €. n
S.CA | 1. White 0.185 all 0.005 | 17038 variables, but when there was enough to test, imputed
2.Asian. {0229 | 1,4 | 0.012 | 5668 data had higher nonmatch rates. Households with proxy
3. Hisp.. 0233 { 1.4 | 0.007 | 8105 respondents yielded higher nonmatch rates than those
4. Black 0.286 | all | 0.010 | 5525 with household member respondents (HHR), as in 1990.
C,SCJ 1. White } 0.116 | 2 | 0.006 | 9563
2.Black [0.192 { 1 0.010 | 8247 Table 6: Nonmatch Rates by Site and Imputation
.G | 1. White | 0.246 | 2 ] 0.008 | 7320 | [SIIE | IMPUTED | rate | * | s.e. n
2. Black ] 0325 ] 1 | 0.015 | 5422 S,CA| 1.Noimp. | 0.217 } 2 |} 0.004 | 35719
R.OC] 1. White | 0.197 { 2 | 0.011 [ 3330 2 Imputed | 0.280 | 1 | 0.019 | 617
2. Black 0.352 1 0.024 | 2029 C,SC| 1.Noimp. | 0.153 | 2 | 0.007 _17539
"WiJ 1. White [0.105 | 2 | 0.030 | 260 | 2 Imputed | 0.230 | 1 | 0.034 | 271
2.AmInd. § 0.284 | 1 ] 0.015 | 1002 0,SC] 1.Noimp. ) 0.279 | 2 | 0.008 | 12560
* groups differing at 1t1>239in S, CA _2 Imputed | 0.376 | 1 | 0.042 191

or lt!> 1.65 elsewhere

Table 4: Nonmatch Rates by Sxtc and Age

* groups differingat {t1> 1.65

Table 7: Nonmatch Rates by Sztc and Proxy Status

* groups differing at I1t1>2.39

| SITE AGE | rate s. ¢ n SITE PROXY rate s.e. n
S,.CAj1l 50+ 0.152 | all ] 0.007 | 9090 S.CA| 1.HHR | 0.214 | 2 0.004 | 34581
2. 3049 ] 0.195 | all ] 0.005 } 11156 | 2. Proxy ] 0.296 | 1 0.013 1755
3. 1-17 0.265 | 1,2 | 0.009 | 9852 C,SC{ I.HHR | 0.150 | 2 0.007 | 16787
4. 18-29 [ 0279 | 1.2 | 0.008 | 6238 2.Proxy { 0200 | 1 0.016 1023
C,S5Cl] 1. 50+ 0.104 | ail ] 0.007 | 4246 0.8Cj I.HHR (0276 | 2 0.008 | 12146
2. 3049 | 0154 ] 1 | 0009 | 5721 2. Proxy | 0.377 1 0.027 605
3. 1-17 0.171 1 0.023 | 4143 R.SC| I.HHR {0252 | 2 0.012 5196
4. 18-29 ] 0.182 | 1 | 0.0l11 | 3700 2. Proxy | 0.364 | 1 0.041 163
[0,5C] L. S0+ | 0.233 | 3.4 | 0.012 | 3552 *  groups differing at 1t1> 1.65
2. 3049 [ 0.269 | 4 | 0.011 3919
3. 1-17 0.310 1 0.023 | 3239 Movers and people with unresolved mover status had
4. 18-29 }0.338 | 1,2 | 0.016 | 2001 higher nonmatch rates than nonmovers. Those living in
R.oC] 1. S0+ 0.193 | 3.4 | 0.017 1467 houscholds large enough to require additional,
2. 3049 | 0.249 0.019 | 1722 supplemental census forms (to list the persons who did
3. 1-17 0.278 1 0.029 1360 not fit on the first form) bad higher nonmatch rates than
4. 18-29 | 0.337 1 0.033 810 those in smaller households, much as in 1990. Except in
M. WI| 1. 50+ [O0.008 [ 4 | 0.022 | 372 | Columbia, SC, residents of single unit dwellings had
2. 3049 | 0.166 . 0.024 311 - lower nonmatch rates than respondents in multiple
3. 18-29 } 0.199 . 0.039 161 housing unit structures (buildings) or mobile homes,
4. 1-17 0.216 1 0.025 427 again, as in 1990.



Table 8: Nonmatch Rates by Site and Mover Status

P.O. box, whether or not other addresses were given.

[STIE] MOVER rate | * | s.e. n
.CA/| 1 Nonmover | 0.209 | all | 0.004 | 34050 Table 11: Nonmaich Rates by Site and Address Style:
2.Unresolv J 0353 |1 1 ) 0022 ) 634 Full Street Address vs Part or None
3. Mover 0.371 | 1 | 0.015 | 1612 [SITE | Street | rate * 5. c. n
~3C] L.Nonmover | 0.144 | all | 0.007 | 16478 R.SC|{ L.Full | 0.235 2 0.012 3499
2. Mover 0254 { 1 | 0.017 | 1064 2Part | 0289 | -1 0.024 1755
3, Unresolv_} 0.327 | 1 | 0.037 268 M, WI| 1.Part | 0.152 . 0.021 427
0, SC{ 1 Nonmover | 0.276 | all | 0.008 { 12114 2.Full | 0.184 0.019 844
2. Unresolv { 0.364 | 1 | 0.038 209 *  groups differing at It l > 165
3. Mover 0.365 | 1 |} 0.026 428 . .
, SCj 1. Nonmover | 0.251 | 2 | 0.012 | 5204 + Table 12: Nonmatch Rates by Site and Address Style:
| 2. Mover 0.431 1 10070 139 P.0O. Box Address vs No P.O. Box
* groups differing at 1t1>2.13 (or 1.65 in R,SC) SITE | P.O. Box rate s. €. n
' R.SC| 1.Have |.0.237 0.033 324
Table 9: Nonmatch Rates by Site and Household Size 2. None | 0.256 0.021 |} 4930
SITE | SIZE rate * s. €. n M, WIj 1.Have | 0.153 0.021 650
S,CA | 1. 2-5 | 0.201 3 0.004 25072 2. None | 0.196 0.024 621
2. 1 02151 3 0.008 5229 *  groups differing ar | tl> 1.65
N 3. 6+ 1028 | 1.2 ] 0.010 6035
C.SC{l.1 0.147 § 3 0.008 1046 Lower nonmatch rates were found in two sites for
2.2-5 0.148 3 0.007 13540 persons living in blocks with so many residents that the
3.6+ 10257 | 1.2 | 0.025 3224 block was subsampled. The two city sites did not agree.
0,SCJ1 25 J0266 | 3 0.008 10230
2.1 0.299 | 3 0.016 1518 Table 13: Nonmatch Rates by Site and Whether
3. 6+ 10389 |12 | 0.027 1003 Subsampled:
R.SC {1 2-5 |0238 ] 3 0.013 4470 | SITE | Subsam | rate - s.e. n
2.1 0284 | 3 0.030 467 S,CA} 1.Yes 0204 | 2 0.007 93081
3. 6+ 10413 1 1.2 1 0.035 422 e 2.No 0222 | 1 0.005 26678
M, W[l 6+ | 0.151 0.026 343 C,SC|{ 1.No | 0.151 0.005 12948
2. 25 10.179 0.021 844 2. Yes | 0.158 0.013 4760
* groups differing at 1t l> 2.13 (or 1.65 in M,W1) 0,SC|] 1.Yes | 0.249 2 0.019 2705
2.No | 0.291 1 0.009 10016
Table 10: Nonmatch Rates by Sxtc and Type of Structurc R,SC| 1.No | 0.250 0.013 4705
SITE | Structure | rate s. e 2. Yes | 0.287 0.018 616
S,CA | 1. Single | 0.193 | all } 0.004 30034 *  groups differing at | tl> 1.65
2. Muli | 0319 | all | 0.011 | 6111
3.Mobile | 0.597 | all | 0.073 184 Results concerning blocks that had high rates of
C.5C | 1.Single | 0.144 0.005 | 12207 housing construction or growth were also inconsistent. It
2.Mulu 0.165 . 0.013 | 5540 | may be that low growth areas are associated with higher
O,SC | 1. Single | 0.253 | all } 0.008 | 9852 nonmatch rates, but that nceds further study.
2.Mult 0326 { 1 }0.032 ] 1078
3.Mobile | 0.387 1 0.024 | 1811 Table 14: Nonmatch Rates by Site and Locality's Level
[R.SC | ISingle | 0.215 | 2 ] 0.012 | 3663 of Growth:
2.Mobile | 0.344 1 0.021 1664 SITE Growth rate - 5. €. n
MWI | 1.Smgle §0.152 1 2 {0016 | 1012 C,SC | 1.20-40% | 0.143 0.015 | 3105
2.Mobile | 0.264 1_ | 0.028 241 2. Low 0.158 | . | 0.007 | 14681
* pgroups differing at 1t1>2.13in 5,CA & O,SC 0,5C | 1.20-40% | 0.222 | all | 0.024 711
or Iti> 1.65 elsewhere 2.Low 0.281 | 1 | 0.009 | 10962
3.>40% 0308 { 1 | 0.023 | 1078
Address style groups seldom had sufficient data for a R.SC | 1.>40% 0.188 { 3 | 0.029 254
good comparison. Those in Rural S.C. with a full street 2.2040% (0206 { 3 | 0.018 990
address, including house number, had a lower nonmatch 3.Low 0.270 | all ) 0.015 | 4115

rate. Having a P.O. box did not differ from having no

* groups differing at 111> 2.13 (or 1.65 for C,SC)



Relisted blocks had higher nonmatch rates even though
there were not many blocks on which to base the

comparisons.

Table 15: Nonmatch Rates by Site and Whether Relisted:

SITE | Relisted rate » 5. €. n
CSC| I.No | 0.152 ] 2 | 0.007 ) 17447
2.Yes | 0278 [ 1 | 0.038 363
JOSC] 1.No | 0271 | 2 | 0.008 | 12385
2. Yes | 0.526 | 1 0.081 366

* groups differing at Iti> 1.65
V. Conclusions and Recommendations

The Integrated Coverage Measurement of the Census
2000 Dress Rehearsal yielded many significant
differences betwesgn rates of persons not matched. This
crude statistic of the number of persons missed among
census enumerations overestimates the miscount, since it
does not take into account erroneous enumerations and
census imputations. But nonmatch rates show, without
distraction from those other errors, when census
enumerations are less likely to be missed. Owners and
whites and persons over 30 years old, especially those
over 50, have lower nonmatch rates. Among variables
used for poststratification, only sex seemed to get weak
confirmation of its importance. Several other groups
were also found to have lower nonmatch rates: persons
not imputed; those reported by household members
rather than proxy; nonmovers; those in households small
enough to need only one census form; those living in
single family dwellings; and those not living in areas
where address listing was so confusing that field
interviewers had to redo the work. Those findings were
confirmation of prior findings or expectations.

It was also useful to see, despite prior findings or

expectations, what variable groups were not discriminated -

by nonmatch rates: type of enumeration area, address
style (i.e. the presence or absence of a full street address
or of a P.Q. box address), whether or not a block was
large and thus subsampled, and how much the area’s
percent of housing units increased since 1990.

Of course most of these variables are merely related to,
rather than causes of, nonmatches, and, even if they could
be controlled, there is no guarantee that would improve
match rates. But in designing and conducting a census,
important characteristics should be kept in mind, 2iming
to continue questionnaire design, interviewer training,
and data processing with' care and insight aimed at
improving estimates. Evaluation of the poststrata
variables is part of getting the most precise and accurate
dual system estimate. Knowing that proxy respondents
generally give more nonmatch data motivates the push for
finding a household member whenever possible.

Monitoring trends in how such variables reiate to
nonmatch rates over the decades is also part of
understanding and interpreting census data. A final
recommendation then is to follow this research with
Census 2000 investigations of similar and additional

variables.
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Introduction

Every ten years the Census Bureau attempts to
enumerate every person living in the United States.
Although a complete count is desired, past experience
indicates it is virtually unattainable. According to past
census evaluations using demographic analysis, the
undercount has ranged from 2.8 million in 1980 to 7.5
million in 1940 (Bureau of the Census, 1997). Beginning
with the 1950 census, the Census Bureau began
conducting post-enumeration evaluations to estimate
census coverage. These evaluations took a case by case
matching approach to identify people who were missed
and those who were counted. More recent evaluations of
this type include the 1980 Post-Enumeration Program
(PEP) and the 1990 Post-Enumeration Survey (PES). For
the PEP, information based primarily on the Current
Population Survey was used to estimate people not
counted in the census enumeration (Fay, 1988). A second
nart of the PEP involved selecting a sample of census
records to estimate the number of erroneous ceasus
: enumerations. Improvements were introduced for the
1990 PES. Rather than using information that was not
specifically designed for measuring census omissions, a
survey was designed with this sole purpose in mind. As
was done in 1980, a sample was also selected for
estimating erroneous census enumerations.

In the radition of improving census evaluations,
the Census Bureau is conducting the Accuracy and
Coverage Evaluation (A.C.E.) following the Census
2000 enumeration. Similar to the PES, the A.C.E. checks
the quality of the census in two ways. One is by
comparing data from the census to data collected from an
independent sample of housing units to estimate the
number of people missed. The other is by selecting a

The authors are mathematical statisticians in the
Decennial Statistical Studies Division of the U.S. Census
Bureau. This paper reports the results of research and
analysis undertaken by Census Bureau staff. It has
undergone a more limited review than official Census
Bureau Publications. This report is released to inform
interested parties of research and to encourage discussion.

sample of census records to estimate the number of
erroneous census enumnerations. This information is
combined to determine dual system estimates of the total
population and many demographic groups, which is then
compared to the census results to estimate coverage rates.
This paper discusses all phases of the A.C.E. sample
design, how the design was effected by the recent
Supreme Court decision on sampling for the Census
(Department of Commerce v. United States House of
Representatives, 1997), and changes made to the design
based on an evaluation of the Census 2000 Dress
Rehearsal design.

P Sample and E Sample

Because there are two types of coverage errors,
missed people and erroneous inclusions, two samples are
selected to evaluate census coverage —the population
sample (P Sample) and the enumeration sample (E
Sample). The P Sample consists of the people living in
the housing units designated for A.C.E. interviews.
These units are randomly selected from an address list
which is compiled independently of the census list for a
sample of geographic areas. The list is referred to as the
Independent List. The P-sample people are matched back
to the census to determine if they were counted or missed.
The E Sample consists of people living in a sample of
housing units enumerated in the census. The E-sample
people are checked to determine whether they were
correctly counted in the census, or whether they were
erroneously included. Erroneous enumerations include
duplicates, fictitious names, people who were born after
census day or people who died prior to census day.

Table 1. P Sample and E Sample Comparison

P Sample E Sample
Estimates  Omissions Erroneous
Inclusions
Universe All housing Census housing
units in US! units
PSUs Block Clusters  Block Clusters

1All housing units in the United States are
eligible to be selected except housing units in Remote
Alaska.



Block Cluster

The primary sampling units are block clusters,
which are one or more geographically contiguous census
blocks grouped together. Census blocks are formed
by streets, roads, railroads, streams, ctc. Forming block
clusters involves a complicated hierarchical algorithm
involving many rules and constraints. In general, the goal
of block clustering is to produce sampling units that
average about 30 housing units.

Integrated Coverage Measurement Survey

Until January 25, 1999, when the Supreme Court
ruled that statistical sampling could not be used for the
House of Representatives reapportionment, the Census
Bureau had planned to conduct an Integrated Coverage
Measurement (ICM) Survey. The primary goal of the
ICM was to produce accurate and reliable direct state
estimates, which would then be used for the
reapportionment. Preliminary calculations indicated that
the ICM allocation may result in coefficients of variation
for the Dual System Estimate of approximately 0.5% in
all states and standard errors of about 60,000 in the
larger states (Schindler, 1998).

The Supreme Court ruling produced a change in
_ the requirements. Direct state estimates were no longer

needed for the reapportionment process, and
consequently neither was a 750,000 housing unit sample.
In contrast to the ICM, which incorporates the
information into the population estimates, the A.C.E.
results in a second set of estimates which will be.used to
evaluate the census and potentially for other purposes.

Because the Supreme Court ruling came too late
to entirely redesign the sample, we will select an initial
sample of block clusters using the ICM design. The
independent list will be comprised of the housing units in
these selected clusters, called the A.C.E. listing sample.
The sample will be reduced during a later process called
the A.C.E. Block Cluster Reduction. This has some
limitations. The ICM was designed for efficient direct
estimates for state total population. The primary goal for
A.C.E., however, is to generate reliable demographic
group estimates for the purpose of measuring differential
coverage. The ICM sample is being selected using
proportional allocation within a state. While this might
be efficient for total population estimates, it is not
efficient for estimating .the population of smaller
demographic groups. Overall, due to an increased sample
size, we expect the reliability to be better for most of the
poststrata estimates than the 1990 PES. Also, we expect
the state total population estimates to be more reliable

~. than for the 1990 PES.

Stratification and Sort Variables

Historically, coverage rates in the census have
varied for many different groups in the population. In
1990, coverage rates were calculated for 357 poststrata
identified by region, geographic aree, race, Hispanic
origin, age, sex, and tenure (own/rent). Although the
estimated undercount for the total population was 1.6%,
the estimated undercounts for the 357 groups ranged from
-8.29% to 21.27% (Thompson, 1992). The poststrata
definitions for Census 2000 are currently being -
researched and thus are not known. However, we are
assuming they will be based on similar variables as in
1990 to account for the differential undercount. In order
to estimate the coverage rates for several different
poststrata with acceptable precision, there must be an
adequate amount of sample selected for each of these
poststrata. Since the characteristics of people within a
block cluster vary, exact sample sizes for these groups are
unattainable. However, the variation in the sample sizes
for these groups can be improved by grouping similar
block clusters together and selecting a systematic sample
across these groups. In an attempt to better control the
sample sizes from these different groups, block clusters
will be classified into categories based on their estimated
size, demographic composition, and level of urbanization.

Block clusters will initially be stratified into four
mutually exclusive groups within each state: small block
clusters (0-2 housing units), medium block clusters (3-79
housing units), large block clusters (80 or more housing
units), and American Indian Reservation (AIR) block
clusters. These groups will be sampled at different rates
during the selection of the A.C.E. listing sample.

Although there will be no differential sampling
within these four sampling strata, the clusters will be
sorted by several variables in an attempt to sample a
diverse set of block clusters. The first sort variable is the
American Indian indicator, which has three categories:

. AlR or trustland

. tribal jurisdiction statistical area,
Alaska Native Village statistical area
or tribal designated statistical area

. all other areas

The second sort variable is the demographic group.
Block clusters will be grouped with other block clusters
containing similar demographic proportions based on
1990 census data. Assigning this variable to block
clusters is described in more detail in the following
paragraph. A third variable used for sorting the clusters
is the level of urbanization. Each block cluster will be
categorized as an urbanized area with 250,000 or more
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people, an urbanized area with less than 250,000 people,
or a non-urban area. Finally, the clusters will be sorted
geographically using county and cluster number.

To aid in selecting a sample that is well
represented by the 6 major race/origin groups as well as
owners and renters, block clusters will be classified into
12 demographic groups. Although many block clusters
tend to have a large proportion of one demographic
group, rarely are they entirely composed of only one, thus
many clusters may fit well in two or more categories. To
ensure that each cluster is assigned to only one group, a
hierarchical assignment rule was developed so that when
a cluster exceeds the group threshold, it is assigned to that
group. These group thresholds were developed by
grouping similar 1990 blocks together using a
multivariate clustering method®.  Table 2 lists these
threshold values. The order of the hierarchy gives the
smaller demographic groups priority over the larger ones
and renters priority over owners.

A.C.E. Listing Sample Selection

For each state, a systematic sample is selected
for each of the four strata listed in the previous section.
In the following paragraphs, the sampling for the medium
and large clusters is discussed, followed by the small
block clusters and finally the AIR clusters.

As stated earlier, the Census Bureau was
preparing to conduct an ICM during the early stages of
the sample design. Thus the 25,000 block clusters were
allocated to the states to approximately meet the ICM
sample requirements, while maintaining a minimum of
300 block clusters per state. Selecting a sample of block
clusters within each state resuits in approximately 2
million housing units to list. The sampling is done in two
steps to guard against a listing workload that would be
too formidable to complete in time. If the first systematic
sample of block clusters results in a workload that is 10%
more than the number of housing units allowed for
listing, a second systematic sample is drawn from the first
to approximately meet the listing constraint. Large block
clusters are selected at a higher rate than medium clusters
during the A.C.E. listing sample selection. These higher
rates coupled with large block subsampling will result in
more clusters represented in sample while keeping the
total number of designated interviews within budget.

2PROC FASTCLUS in SAS uses a
multivariate clustering technique called nearest centroid
sorting . For details, refer to pages 824-850 of the
SAS/STAT User’s Guide, Volume 1, Version 6, Fourth
“dition.

Table 2. Assignment Rule for Census 2000 A.C.E.

Order Proportion Threshold

1 Hawaiian and Pacific 0.10
Islander Renters

2 Hawaiian and Pacific 0.10
Islander Owners

3 American Indian and 0.10
Alaska Native Renters

4 American Indian and 0.10
Alaska Native Owners

5 Asian Renters 0.20

6 Asian Owners 0.20

7 Hispanic Renters 0.20

8 Hispanic Owners 0.20

9 Black Renters 0.25

10 Black Owners 0.25

11 White and other Renters 0.30

12 White and other Owners all others

Small block clusters are generally sampled at a
lower rate than both medium and large clusters. This is
due to cost considerations which are further explained in
a later section. These lower sampling rates cause some .
small cluster to have high weights, which may.
disproportionately affect the dual system estimates. In an
atternpt to avoid the problems associated with the high
weights we will initially sample 5,000 small block
clusters. Using information about these 5,000 clusters
we will atternpt to target potential problem clusters in the
subsampling operation which will reduce the number of
small clusters in sample. These initial 5,000 small
clusters were allocated to states proportionately to their
projected number of housing units in small blocks. This
allocation was bounded by two constraints -- a 20 block
cluster minimum and a minimum expected sampling rate
of 1 in 1000.

To ensure sufficient sample for calculating
accurate undercount rates for American Indians on
reservations, 355 block clusters will be selected from the

. block clusters on AIR nationwide. Small block clusters

on AIR will not be included in this 355 block clusters.
These clusters will be eligible for selection in the small
cluster stratum. These 355 clusters were allocated to 26
states proportional to the 1990 population of American



Indians on reservations. Ten states contained AIR
clusters with little or no American Indian population.
These clusters are not be included in an AIR stratum, but
instead are eligible for selection in the other strata. The
remaining 14 states and the District of Columbia contain
no block clusters on AIR.

A.C.E. Block Cluster Reduction

As previously stated, the ICM sample will be
reduced via the A.C.E. Block Cluster Reduction. This
process is the first of three operations that will reduce the
2 million housing units listed down to approximately
300,000 housing units, which is nearly twice the sample
size of the 1990 Post-Enumeration Survey (PES). The
other two operations are described in the sections that
follow. The sample was allocated to the states and the
District of Columibia proportiona! to state population,
with a minimum of 1,800 housing units designated for
interview per state. The reduction will possibly have
variable sampling rates within each state based on race,
ethnicity and tenure classification of the block clusters.
This differential sampling will help to provide sufficieat
sample sizes for providing estimates for several different
poststrata. In order to provide sample for reliable AIR
estimates, the ATR block clusters will not be reduced.

Small Block Cluster Subsampling

Small block clusters, those with between 0 and
2 housing units, get special attention in the A.C.E. These
clusters have only a few housing units and are not a cost-
effective workload for interviewing and follow-up
operations. In order to wisely use our fixed resources we
will sample small clusters at a2 lower rate than both
medium and large clusters. Because of these uneven
sampling rates the people in small clusters will have high
weights. These high weights can disproportionately
affect the dual system estimates. In 1990 only about
2.4% of the P sample people and 1.7% of the E sample
people lived in small clusters. Yet these clusters
contributed almost 10% to the net undercount and 15% to
the estimated variance (Fay, 1998). In an attempt to
improve our estimates we have developed a special
design component to deal with small clusters.

Initially we will select 5,000 small clusters that
will be a part of the A.C.E. address listing operation.
Then through the small cluster subsampling operation we
will reduce the number of small clusters in sample while
at the same time attémpting to achieve two other goals.
First, we would like to prevent any small clusters from
having weights that are extremely high compared to other
clusters in the sample. Second we would like to limit the
weights on the few clusters which we expected to be

small, but turned out to be larger. Both of these goals
would help to reduce the variance of the Dual System
Estirnator. |

To achieve these goals we will use differential
subsampling where the subsampling rates are based on
the number of housing units on the Independent Listing
and the number of housing units on the Census List. We
are in the process of determining the methodology for
attaining both goals.

Large Block Cluster Subsampling

Large block cluster subsampling is the final
stage in selecting the housing units that are designated for
an A.C.E. interview. The underlying concept of large
block subsampling is to select 2 wide range of clusters,
while still remaining within the budgeted number of
housing units for interview. Assuming that people within
2 cluster are similar, interviewing all of them is not the
most efficient use of resources. Instead, interviewing a
smaller piece of several different clusters should provide
a more geographically diverse sample.

This stage involves selecting a portion of each
block cluster containing 80 or more housing units’.
Housing units are selected by dividing each large cluster
into segments of adjacent housing units, that differ by no
more than one housing unit. Then, a sample of segments
is selected by taking one systematic sample across all
large clusters in a state. All housing units in the selected
segments are designated for A.C.E. interview. The
sampling rate is determined so that the number of units
selected for interview in large clusters added to the
number selected in non-large clusters is approximately
equal to the interviewing budget. In other words, since
all housing units in non-large clusters are designated for
interview, the difference between this number and the
budgeted number of interviews is the target number of
designated interviews from the large clusters.

E Sample Identification

Once the housing units have been selected for
A.CE. interview the next operation is to select the
housing units that are in the E Sample. The information
gathered from these housing units will be used to estimate
the number of erroneous inclusions in the census.
Although an overlapping P Sample and E Sample is not
necessary, it is more cost efficient. If the E Sample
includes many of the same people we can use the

*Clusters on American Indian Reservation are
not subject to Large Block Cluster Subsampling.



information from the P-sample interview to determine
whether they were correctly enumerated and thus do not
require 2 follow-up visit.

In an attempt to create overlapping samples, and
thus save money, we will map the block clusters and
segments of block clusters that are used to select the P
Sample onto the census address list. If this step yields
any cluster which will require more than 80 follow-up
interviews, the E-sample housing units in these clusters
will be subsampled.

Changes from Census 2000 Dress Rehearsal

In 1998, the Census Bureau conducted a Dress
Rehearsal to refine the Census 2000 operations. The
Dress Rehearsal revealed a few areas in the sample design
that needed improvement. Many of the changes were
minor operational details, but there are a few
enhancements worth noting, two of which involve the
treatment of small blocks.

The first change involves the formation of block
clusters. Small blocks were not clustered with their
neighbors for the Dress Rehearsal. Under certain
conditions in 2000, small blocks are clustered with their
neighbors. This reduces the total number of small
clusters and thus reduces their weights. Overall, this
change reduced the number of small clusters by about
65%, from 2,968,956 to 1,029,185. Under the new
clustering procedure the initial weights for housing units
in small clusters vary from 25 to 632 with an average of
221. Had improvements not been made, they would have
ranged from 56 to 1,010 with an average of 588. Figure
1 shows the weight distributions of the 50 states, the
District of Colurnbia, and Puerto Rico using both
methods.

Also different in the Dress Rehearsal is the
allocation of small clusters to states. In the Dress
Rehearsal small clusters were allocated proportionately to
the number of medium and large sample clusters in each
site. This methodology is inefficient since many states
have a large population but very little of it is contributed
by small blocks whereas other states have a higher
percentage of their population in small blocks. To account
for this, in 2000 the small clusters were allocated
proportional to the number of housing units projected in
small clusters. This generally benefits states with larger
proportions of the population residing in small clusters.
The two allocations are listed in Table 3 for the states
with the five highest and five lowest proportions of the
population residing in small blocks.

Much of the A.C.E. operational planning was
based on 1990 census data. For instance, the estimated
number of housing units for creating the Independent List
for each state was estimated based on 1990 information.

Since these numbers were then used for renting office
space and hiring staff in different areas of the country,
exceeding these numbers may poise workload problems.
Thus, these estimates became the listing constraints. To
help keep the listing close to the Tisting constraints, two
adjustments were built into the design. The firstinvolves
an adjustment prior to selecting a sample which is based
on expected values. If it appears the listing would be too
much based on the preliminary sampling rate, then the
sampling rate was decreased. The second adjustment
comes in the form of a two step sample. If the clusters
selected during the first step surpass the listing constraint,
a second sample from the first sample is sclected.
Without these two procedures, the listing would have
surpassed the constraints by over 7.5 percent.

As can be seen by the sampling of changes listed
in the above paragraphs, the A.C.E. sample design is
continuously being updated and improved. Although
there are still details to develop, such as the sampling
rates for the small block subsampling and the possible
strata for A.C.E. reduction, the framework is in place to
provide reliable estimates of census coverage.

Table 3. Initial Small Block Cluster Weights for Selected
States

Percent Dress Census
State 1990 Hus | Rehearsal 2000

in Small Method Method
_Blocks Weight Weight |
North Dakota 11.67% 299 148
South Dakota | = 9.14% 246 139
[Nebraska 5.47% 222 94
Kansas 4.64% 365 113
\Wyoming 3.46% 529 617
Rhode Isiand 0.37% 11 41
New Jersey 0.32% 92 218
California 0.29% 156 467
[Hawaii 0.24% 102 306
PC 0.06% 6 25




Figure 1. Frequency of Small Cluster Weights
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